Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


3Z4 


C(^.  /9<p^   (L.    — 


'? 


I. 


(». 


'    f<^ 


■  «■ 


I 


<*• 


PROCEEDINGS 


OF 


THE   AMERICAN  ASSOCIATION 


won  THB 


ADVANCEMENT   OF   SCIENCE, 


TWENTY-NINTH   MEETING, 


HXLD  AT 


Boston,    Mass., 


AUGUST,  isao. 


SALEM : 
PUBLISHED  BY  THE  PERMANENT  SECRETARY. 

1881. 


xdited  bt 

Frederick  W.  Putnam, 

Permanent  Secretary. 


PSIKTED  AT 

THE  SALEM  PRESS, 

BALEM,  MA88. 


TABLE    OF    CONTENTS. 


PAOB 

Officers  of  the  Boston  Meeting *        .       .  Tii 

Committees  of  the  Seciions,  Boston  Meeting Till 

Local  Committee  of  Boston  Meeting ix 

Officers  for  the  Cincinnati  Meeting xi 

Local  Committee  Tor  Cincinnati  Meeting xii 

Special  Committees  of  the  Association xiT 

Meetings  of  the  Association  of  American  Geologists  and  Naturalists       .        .  XTi 

Meetings  of  the  Association XTii 

Act  of  Incorporation '.  xix 

Order  of  Proceedings  in  Organizing  a  Meeting xx 

Constitution  of  the  Association xxi 

Members  of  the  Association : 

Patron            xxix 

Members xxix 

Fellows Ivi 

Deceased  Members Ixvii 


Address  of  the  Retirino  President,  George  F.  Barker 


Report  of  the  Commtttee  upon  Forestry  81 

Report  of  Committee  on  Science  Teaching  in  the  Pubuc  Schools      .  65 

Eulogy  on  Joseph  Henry 66 


SECTION  A.  MATHEMATICS,  PHYSICS  AND  CHEMISTRY. 
Address  of  Asaph  Hall,  Vice  President 98 


COMMUNICATIONS. 

On  the  Production  and  Reproduction  of  Sound  by  Light.    By  Alexander 

Graham  Bell.    Illustrated 116 

On  some  of  the  oonsequcnces  of  the  hypothesis,  recently  proposed,  that  the 
intrinsic  brilliancy  of  the  Fixed  Stars  is  the  same  for  each  star.     By 

Edward  S.  Holden 137 

Problems  in  Watson's  Coordinates.    Abstract.    By  Thomas  Hill         .        .  16S 

On  two  New  Instruments  for  the  Determination  of  Time  and  IiStitude.    By 

S.  C.  Chandler.  Jr.   Illustrated 153 

Tidal  Theory  of  the  Forms  of  Comets.    By  Geo.  W.  Coakley.     Illustrated.  150 

The  Red  Spot  on  Jupiter :  Observations  upon  its  physical  character ;  its  mag> 
nitnde  and  the  determination  of  the  Rotation  Period  of  the  Planet.  By 
H.  8.  Pbitghktt.   Illustrated 174 

(ill) 


IV  GOXTSNTS. 

PAGE 

Friction  Of  Lnbricatlng  OOt.   By  C.  J.  H.  Woodbubt.   niastratod       •       .  18S 

I>etennlnaUon  of  the  Comparative  Dimensions  of  Ultimate  Moleenles;  and 

Deduction  of  tlie  Specific  Properties  of  Substances.    By  Wiluam  A. 

NORTOV.    Illustrated 222 

On  the  Poroe  of  Bflteetive  Molecular  Action ;  and  the  Mechanical  Properties 

and  Laws  dependent  on  It.    Abstract.    By  Wiluam  A.  Norton      .       .  2S9 

On  a  Simple  Device  for  Projecting  Vibrations  of  a  Liquid  Film  without  a  Lens. 

By  H.  S.  Carhart 2S9 

Note  on  the  Zodiacal  Light.    Abstract.    By  Henrt  Carvill  Lewis       .       •  241 

The  Aurora  and  Zodiacal  light  of  Mny  2, 1877.    By  Henry  Carvill  Lewis  .  243 

Experiments  on  the  Strength  of  Yellow  Pine.   Abstract.   By  R.  H.  Thurston  247 

The  Velocity  of  Shot.    By  Alfred  M.  Mater.   Illustrated     ....  253 

A  New  Method  of  obtainlug  a  Permanent  Trace  of  the  Plane  of  Oscillation  of 

a  Foncanlt-pendnlum.    Abstract.    By  Alfred  M.  Mater        .       .       .  264 

On  a  simple  means  of  measuring  the  Angle  of  Inclination  of  the  mirrors 

used  in  FresnePs  experiment  on  the  Interference  of  Light.     Abstract. 

By  Alfred  M.  Mayer 265 

New  Planeury  Nebulas.    Abstract.    By  Edward  C.  Pickering     ...  268 

New  Method  for  Finding  the  Numerical  Roots  of  Equations  l>elow  the  Fourth 

Degree.    Abstract.    By  James  D.  Warner 267 

Hallway  Time  Service.    By  P.  H.  Dudlet 274 

Titles  of  Papei*s  read  in  the  Section  but  not  printed 275 

PERMANENT  SUBSECTION  OF  CHEMISTRY. 

Address  of  John  M.  Ordwat,  Chairman 

liAWs  governing  the  Decomposition  of  Equivalent  Solutions  of  Iodides  under 

the  influence  of  Actiniigu.   By  Albert  R.  Leeds.    Illustrated 
The  Rotatory  Power  of  Commercial  Glucose  and  Grape  Sugar.    A  Method  of 

Determining  the  Amount  of  Reducing  Substances  present  by  the  Polari- 

scope.    By  II.  W.  Wilet 308 

The  Effect  of  Heating  with  Dilute  Acids,  and  Treating  with  Animal  Charcoal 

on  the  Rotatory  Power  of  Glucose;  with  Notes  on  the  Estimation  of  Cane 

Sugar  and  Glucose  in  Mixtures.  ByH.W.  Wilet    ....  •  817 

Salt  solutions  and  the  Absorption  of  Gases.    By  E.  L.  Nichols       •       •       •  324 

Notes  on  Water  Analysis.    By  A.  A.  Breneman 828 

On  Colors  fbr  Salt-glazed  Pottery.   By  A.  A.  Breneman 828 

On  the  Dertciencies  of  Meteorological  Work  in  data  of  value  to  Agriculture, 

and  Means  for  supplying  them.     By  Wm .  McMurtrie      ....  880 

The  Action  of  Sunlight  on  Glass.    By  Thomas  Gafkield        .       «       .       •  888 

The  discovery  of  Oxide  of  Antimony,  in  extensive  lodes,  In  Sonora,  Mexico. 

ByE.T.Cox 848 

Remarks  on  tables  lor  the  reduction  to  zero  of  tlra  measured  volumes  of  gases. 

Abstract.    By  Edward  W.  Morlet 845 

The  most  convenient  scale  for  atbermometer  used  In  gas  analysis.   Abstract. 

By  Edward  W.  Morlet 846 

BMuarks  on  Jolly's  apparatus  for  determining  the  amount  of  oxygen  in  air. 

Abstract.   By  Edward  W.  MoR ley 848 

49ome  points  in  the  construction  of  an  apparatus  for  the  accarate  annlyris  of 

gases.   Abstract.    By  Edward  W.  Moelet 880 

Numerical  results  for  the  mean  ratio  of  oxygen  to  the  sum  of  oxygen  and 

nitrogen  in  a(«08|)lieric  air.    Abstract.    By  Edward  W.  Morlet  .       .  851 

Some  conclusions  as  to  the  cause  of  tlie  IVequent  fluctuations  In  the  ratio  of 

oxygen  to  nitrogen  m  the  air  at  difl'crent  times.    Abstract.    By  Edward 

W.  Morlet 858 

The  soil  supply  of  nitrogen  for  plants.    Aiistract.    By  W.  O.  Atwater       .  354 

The  determination  of  phosphoric  acid  by  the  molybdic  method.    Abstract. 

By  W.  O.  Atwater 855 


CONTENTS.  V 

PAGB 


The  determiniition  of  tnlphnrio  aofd.    Abstrnct.    By  W.  O.  Atwater  • 
The  determiniUton  of  nitrogen  by  the  hypobromite  process.    Abstract.    By 

W.  O.  Atwatbr 856 

The  quantitatire  determination  of  fate.    Abstract.    By  W.  O.  Atwater       .  857 

Titles  of  Papers  read  in  the  Subsection,  but  not  printed  ....  857 

PBRMANENT  8UBSRCTION  OF  MICROSCOPY. 

Microscopical  Collections  in  Florida.    By  C.  C.  Mbrriman      ....  961 

8a1phuric-acid  treatment  of  Seeds  and  its  value  to  Cotton  Planting  and  Cul- 
ture.   By  Thomas  Tatlor 878 

Permanent  Microt^sopic  Preparations  of  Plasmodium.    By  Simon  H.  Gaob  .  877 

Permanent  Microscopic  Preparations  of  Amphibian  Blood  Corpuscles.    By 

SiMOM  H.  Gage 878 

Method  of  Preparing  and  Mounting  Wings  of  Microlepidoptera.    By  C.  H. 

Fbrnald 880 

The  Microscopical  Investigations  of  the  Havana  Yellow  Fever  Commission. 

By  Geo.  M.  Stkknbbro 881 

Titles  of  Papers  rend  in  the  Subsection  but  not  printed 

SECTION  B.  NATURAL  HISTORY. 
Address  of  Albxandbr  Agassiz,  Vice  President 

COMMUNICATIONS. 

On  the  Progress  of  Geological  Investigation  in  New  Brunswick,  1870^1880. 

By  L.  W.  Bailbt 410 

The  Cupriferous  Series  in  Minnesota.    By  N.  H.  Winchell     ....  428 

An  attempt  to  estimate  approximately  the  Date  of  the  close  of  the  Glacial 

E|K>cli,  from  an  inspection  of  the  Kames  and  Kettle-holes  of  New  Bng- 

Innd.    Abstract.    By  G.  Frederick  Wright 426 

Tbe  Iron  Ores  of  the  Brandon  Period.     Abstract.     By  Hbnrt  Cartill 

Lewis 4S7 

On  the  age  of  the  Copper*l}esring  Rooks  of  Lake  Superior.    Abstract.    By  M. 

E.  Wadsworth 49B 

Turquoise  of  Nt*w  Mexico.    By  B.  Sillimax.    Illustrated        ....  481 

The  Island  of  Montreal  an  Island,  not  in  the  St.  Lawrence,  but  in  the  Ottawa. 

By  William  Boyd.    Illustrated  485 

Tbe  Law  of  LMnd-forraing  on  our  Globe.    By  Richard  Owen         ...  487 

On  Maximum  Synchronous  Glaclation.    By  W.  J.  McGee.    Illustrated  .  447 

The  Kames  or  Bakers  of  Maine.    By  George  H.  Stone.    Illustrated     .       .  610 

PreservHtion  ef  fossil  Insects  and  Plants  on  Mazon  Creek.    By  J.  W.  Pike   .  GdO 

Tbe  Fossil  Dinoeerata  in  the  E.  M.  Museum  at  Princeton,  New  Jersey. 

Abstract.    By  Fraxklin  C.  Hill.    IlluHtrated 6*14 

Transformations  of  Planorbis  at  Steinheim,  with  remarks  on  the  effects  of 

gravity  upon  the  forms  of  shells  and  animals.    Abstract.    By  Alphbub 

Htatt.    lllnstrated 627 

On  the  Study  of  Comparative  Anatomy  as  a  part  of  the  Medical  Curriculum. 

By  Harbisow  Allbh 651 

Plan  of  the  Cerebro-spinal  Nervous  System.  Abstract.  By  S.  V.  Clevenoer.  656 
Evidences  of  the  BflRecC  of  Chemico-physlcal  Influences  in  the  Evolution  of 

Branchiopod  Cmstaceans.    By  Carl  F.  Gisslrr 657 

On  Color-bllMlDeaa.    Abstraot.    By  B.  Jor  Jeffries 600 

The  First  Decade  of  the  United  States  Fish  Commission :  its  plan  of  work 

snd  accomplished   results,  acieutiflc  and  economical.      By  G.  Brown 

GoODB 663 

The  Spanish  Maekertl,  and  its  Artiflclal   Propagation.   By  Charles  W. 

Smilbt 676 


▼1  CONTENTS. 


PAGE 


Anthrax  of  Fniit  Trees :  or  the  so-called  Fire  Blight  of  Pear,  and  Twig  Blight 

of  Apple  Trees.    By  T.  J.  BrRRiLL 588 

Field  Work  by  Amateui-B.    By  Ellen  Hardin  Walworth  ...  597 

Titles  of  Papers  read  in  the  Section  but  not  printed 608 

PERMANENT  SUBSECTION  OF  ENTOMOLOGY. 

Address  of  Samuel  II.  Scudder,  President  of  the  Entomological  Club  of 

the  Association 609 

Further  notes  on  the  Pollination  of  Yucca  and  on  Pronuba  and  Prodoxus. 

By  C.  y.  RiLET.    Illustrated 617 

Additional  notes  on  the  Army  Worm  (Leucania  unipuncta).    Abstract.    By 

C.  V.  Riley C40 

Some  recent   Practical  Results  of  the  Cotton  Worm  Inquiry  by  the  U.  S. 

Entomological  Commission.    By  C.  V.  Riley 642 

The  hitherto  unknown  Life-habits  of  two  genera  of  Bce^flies  {BombylHdai). 

Absti-act.    By  C.  V.  Riley  .        .        .       • 649 

On  Lightning  Bugs.    By  John  L.  LeConte 650 

The    Endocranium    and    Maxillary   Suspensorium    of   the  Bee.      By   G. 

Macloskie.    lllustrateil 660 

Snb-elytral  Air-paftfages  in  Coleoptera.    By  Caul  F.  Gi88LER.    Illustrated.  WVl 

Two  new  uses  of  Important  Insecticides.    By  A.  J.  Cook        ....  660 

Titles  of  Papers  read  in  the  Subsection  but  not  printed 671 

PERMANENT  SUBSECTION  OF  ANTHROPOLOGY. 

Address  of  J.  W.  Powell,  Chairman 675 

The  Dacotah  Tribes:   their  beliefs,  and  our  duty  to  them  outlined.     By 

Henry  B.  Carrington 6H9 

The  Theoiy  of  Primitive  Democracy  in  the  Alps.    By  Denman  W.  Ross       .  6U3 

The  Antiquity  of  Man  in  Eastern  America,  geologically  considered.    Abstract. 

By  Henry  Carvill  Lewia 706 

Ancient  Mounds  of  Illinois.    By  William  McAdams       ....  710 

Ancient  Agriculturnl  Implements  of  Stone.    By  William  Mc  A  dams  .  .  718 

A  Stone  Implement  fk'om  a  Well  in  Illinois.    By  William  McAdams   .  .  720 

Prehistoric  Altars  of  Whitesides  County,  Illinois.  By  W.  C.  IIoliikook         .  722 

Antiquities  in  the  Town  of  New  Haven.  Vermont.    By  J.  M.  Cuhrier    .        .  ?i4 

On  tlie  Alabaster  Quarries,  Flint  Mines,  and  other  Antiquities  of  Wyandot 

Cave.    By  Horace  C.  Hovey     .......  725 

Some   Obsenrations  on    Geometric   Beanty,  considered   as  consisting    of 

Angular    rather    than    in   Linear    Ratio.    Abstract.     By   S.   Edward 

Warren       ..........  731 

Notes  on  an  American  Example  of  a  "  St  Giles  Staircase."    By  S.  Edward 

<\  ARHEN  ..........  ••■•> 

Titles  of  Papers  read  in  the  Subsection  but  not  printed    ....  734 

EXECUTIVE  PROCEEDINGS. 

Report  of  the  General  Secretary         .......  7.37 

General  Report  of  the  Permanent  Secretary  .....  756 

Cash  Account  of  the  Permanent  Secretary  .....  7i»4 

Scientiflc  Institutions  of  Boston  and  vicinity  .....  767 

INDEX. 


OFFICERS  OF  THE 


BOSTON    MEETING 


PHBSLDENT. 
Lewis  H.  Mokgan,  of  Kochester,  N.  Y. 

VTCS  FBBSIDSIQ'T,  Section  A. 
Asaph  Hall,  of  Washington,  D.  C. 

VICE  PBEBIDEII'T,  Section  B. 
Alezandkk  Agassiz,  of  Cambridge,  Mass. 

OHATRaffAW  OF  FBBMANBNT  BUBBECTIOIS^  OF  CHE10STB7. 

John  M.  Okdway,  of  Boston,  Mass. 

CHATRMAN  OF  FBBMANBNT  SUBSECTION  OF  10CBOSCOF7. 

S.  A.  Lattimokr,  of  Rochester,  N.  Y. 

CHAIRMAN  OF  FEBMANENT  SUBSECTION  OF  ANTHBOFOIiOQY. 

J.  W.  Powell,  of  Washington,  D.  C. 

CHAIRMAN  OF  SUBSECTION  OF  ENTOMOLOGY. 
John  G.  Moruis,  of  Baltimore,  Md. 

PERMANENT  SECRETARY. 
F.  W.  Putnam,  of  Cambridge,  Mass. 

GENERAL  SECRETARY. 
John  K.  Rkes,  of  St.  Louis,  Mo. 

SECRETARY  OF  SECTION  A. 
Henry  B.  Nason,  of  Troy,  N.  Y. 

SECRETARY  OF  SECTION  B. 
C.  V.  BiLEY,  of  St.  Louis,  Mo. 

8SCBXTARY  OF  PERMANENT  SUBSECTION  OF  CHEMISTRY. 

Charles  E.  Munroe,  of  Annapolis,  Md. 

8SGBSTARY  OF  PERMANENT  SUBSECTION  OF  MICROSCOPY. 

A.  B.  Hkrvey,  of  Taunton,  Mass. 

8ECBJBTABY  OF  PERMANENT  SUBSECTION  OF  ANTHROPOLOGY. 

J.  G.  Henderson,  of  Winchester,  111. 

8SCRETARY  OF  SUBSECTION  OF  ENTOMOLOGY. 
B.  PiCKMAN  Mann,  of  Cambridge,  Mass. 

TREASURER. 
WiLUAM  S.  Vaux,  of  Philadelphia,  Pa. 

(vii) 


VIU  OFFICERS  OF  TUB  BOSTON  MEETIKO. 


STANDING  COlCMi'mUO. 

Past  Pi^esidents. — Brnjamin  Pkikcb,  of  Cambridge ;  Jambs  D.  Dana,  of 
New  HaveD ;  Jamrs  Hall,  of  Albany ;  Stkphkn  Albxakdkk,  of  Prince- 
ton; Isaac  Lka,  of  Philadelphia;  F.  A.  P.  Barnard,  of  New  York;  J.  S. 
Nrwbkkry,  of  New  York;  B.  A.  Gould,  of  Boston;  T.  Stbkry  Hunt,  of 
Montreal ;  Asa  Gray,  of  Cambridge ;  J.  Lawrknck  Smith,  of  Louisville ; 
Joseph  Lovkrino,  of  Cambridge ;  John  L.  LkContk,  of  Pliiladelphia ; 
J.  £.  HiLOAKD,  of  Washington ;  Wiluam  B.  Rookrs,  of  Boston ;  Simon 
Nbwcomb,  of  Washington ;  O.  C.  Marsh,  of  New  Haven. 

Hie  President,  Vice  PresidetUs,  Permanent  and  General  Secretaries,  the 
Secretaries  of  Sections  A  and  B^  and  Ireasurer  of  ike  Meeting. 

Officers  of  the  Preceding  Meeting, — George  F.  Barkrr,  of  Philadelphia; 
8.  P.  Langley,  of  Allegheny ;  J.  W.  Powell,  of  Washington ;  H.  Car- 
RiNOTON  Bolton,  of  Hartford ;  W.  H.  Dall,  of  Washington. 

From  the  Association  at  large. — N.  T.  Lupton,  of  Nashville;  F.  W. 
Clarke,  of  Cincinnati ;  £.  T.  Cox,  of  Oakland ;  Wiluam  Harkness,  of 
Washington;  O.  T.  Mason,  of  Washington;  S.  A.  Lattimore,  of  Koch- 
ester. 

SBOnONAIi  COMICXTTBS  OF  BBCTION  ▲. 

Asaph  Hall,  of  Washington ;  H.  B.  Nason,  of  Troy ;  John  M.  Ord- 
WAY,  of  Boston;  Charles  £.  Munroe,  of  Annapolis;  S.  A.  Lattimore, 
of  Rochester ;  A.  B.  IIbrvby,  of  Taunton ;  A.  W.  Wright,  of  New  Haven ; 
Alfred  M.  Mayer,  of  Hoboken ;  John  Trowbridge,  of  Cambridge. 


BSCTIONAIi  OOMMITTSB  OF  SSCTION  B. 

Alexander  Agassiz,  of  Cambridge;  C.  V.  Riley,  of  Washington;  J. 
W.  Powell,  of  Washington ;  J.  Q.  Henderson,  of  Winchester ;  E.  D. 
Cope,  of  Philadelphia;  G.  L.  Goodale,  of  Cambridge;  Burt  G.  Wildkr, 
of  Ithaca;  J.  G.  Morris,  of  Baltimore;  B.  Pickman  Mann,  of  Cambridge. 


NOMINATINa  COMMITTinD  OF  BBCTION  ▲. 

Henry  B.  Nason,  of  Troy ;  F.  H.  Smith,  of  Charlottesville ;  J.  M.  Van 
Vlbck,  of  Middletown ;  Thomas  Hill,  of  Portland. 


NOMINATINa  COMMITTBB  OF  8BOTION  B. 

C.  S.  MiNOT,  of  Boston;  A.  J.  Cook,  of  Lansing;  Thomas  Mebhan,  of 
Philadelphia;  F.  G.  Farlow,  of  Cambridge. 


LOCAL  COMMITTEE 

OF  THE 

BOSTON    MEETING. 


Chairman, 
FuoF.  WiLUAM  B.  Rogers. 

Secretaries,  ■ 

Samukl  H.  Scuddkr,  Harvard  College  Library,  Cambridge. 
Edwaiid  BURGK88,  Bostou  Society  of  Natural  History. 

TYeasurer. 
Chaulks  W.  Scuddkk,  69  Kilby  Street,  Boston. 

CommiUee  at  Large: — Hon.  Chas.  Francis  Adams;  Dr.  H.  J.  Bigelow; 
T.  T.  Bouv6;  Dr.  H.  I.  Bowditcli;  J.  I.  Bowditch;  Hon.  Wm.  Claflin; 
Hon.  S  C.  Cobb;  Hon.  John  Cummings:  President  C.  W,  Eliot;  Dr. 
Samuel  Eliot ;  George  B.  Emerson ;  Kalph  Waldo  Emerson;  J.  M.  Forbes ; 
Hon.  Wm.  Gaston;  Prof.  Asa  Gray;  Hon.  Horace  Gray;  William  Gray; 
Hon.  E.  R.  Hoar;  Dr.  Oliver  Wendell  Holmes;  H.  P.  Kidder;  A.  A. 
I^awrence;  Hon.  F.  W.  Lincoln;  J.  L.  Little;  Hon.  John  D.  Long;  Prof. 
Henry  W^.  Longfellow;  Prof.  Joseph  Lovering;  Hon.  John  A.  Lowell; 
Col.  Theodore  Lyman;  Hon.  E.  R.  Mudge;  Hon.  Otis  Norcross;  Francis 
Parkman;  Prof,  lienjamin  Pelrce;  Hon.  li.  L.  Piirce;  Hon.  F.  O.  Prince; 
Hon.  Josiah  Qnincy;  Hon.  Alexander  H.  Uicc;  H(»n.  Thomas  Talbot; 
NHtlianiel  Thayer;  Hon.  K.  S.  Tobey;  Hon.  J.  M.  Wiglitman;  Hon.  Mar- 
shall P.  Wilder;  Hon.  Roi)ert  C.  Wiiithrop;  J.  liuntington  Wolcott. 

Rec^ptinn  Committee: — Dr.  S.  L.  Abbott;  J.  S.  Amory ;  Nathan  Appleton, 
Secretartj;  T.  G.  Appleton;  W.  S.  Appleton;  E.  Austin;  G.  W.  Bond :  Hon. 
A.  W.  Beard;  Hon.  Martin  Brimmer;  Rev.  Phillips  Broolcs;  P.  C  Broitk?.; 
J.  Elliot  Cabtit;  I>r.  Samuel  Cabot;  Pres.  E.  IL  Capen;  Hon.  Mellen 
Chamberlain;  George  B.  Chase;  Rev.  James  Freeman  Clarke;  Dr.  B.  E. 
Cotting;  Charles  Deane;  R.  H.  Edtly;  Henry  Edwards;  Dr.  Calvin  Ellis; 
Rev.  Georjre  E.  Ellis;  J.  T.  Fields;  Charles  L.  Flint;  Hon.  Dwight  Foster; 
H.  W.  Fuller;  Tiiomas  Gaffleld;  W.  W.  Greenou^'h;  Rev.  E.  E.  Hale:  Hon. 
Alpheus  Hardy;  Franklin  Haven;  Capt.  M.  Haxtun,  U.  S.  N. ;  Georire 
Higglnson;  I>r.  R.  M.  Hodges;  Dr.  li.  W.  Hooper;  H.  H.  Hunnewell:  M. 
P.  Kennard:  Col  T.  T.  S.  Laidley,  U.  S.  A.;  Abbott  Lawrenee;  Col.  Henry 
Lee;  Dr.  G.  H.  Lodge:  Gen.  Ch.irles  G.  Loring;  Augustus  Lowell;  Rev. 
J.  M.  Mauniuif;  J.J.  May;  Thomas  Motley;  Prof.  J.  K.  Paine;  O.  W. 
Peabody:  C.  C.  Perkins;  J.  C.  Phillips;  W.  D.  Pickman;  Mayor  F.  O. 
Prince,  C/tai*rm«n;  Commodore  G.  M.  liansom,  U.  S.  N.;  G.  C.  Rich- 
ardson; H.  B.  Rogers;  John  C.  Ropes;  B.  S.  Rotch;  Hon.  Leverett 
Saltonstall:  Prof.  C.  S.  Sargent;  Barthold  Schlesinger;  G.  O.  Shattuck; 
Dr.  Benjamin  S.  Shaw;  Quincy  A.  Shaw;  Dr  D.  D.  Slade;  S.  B,  Stebblns; 
Dr.  I>.  H.  Storer;  G.  W.  Wales;  Dr.  C.  K.  Ware;  S.  D.  Warren  Pres. 
W.  F.  Ware;  Rev.  R.  C.  Watersttm;  E.  P.  Whipple:  Dr.  J.  C.  White;  Dr. 
H.  W.  Williams;  Roger  Wolcott;  Dr.  E.  S.  Wood;  Mrs.  Louis  Agasslz; 
Mrs.  Ednah  D.Cheney;  Miss  I<,ucretia  Crocker;  Miss  Cora  Clarke ;  Mrs. 
Jumps  T.  Fields;  .Miss  Ellen  Fn»tlilngham  :  Miss  Susan  Hale;  Mrs.  Augus- 
tus Hemenway;  Mrs.  S.  T.  Hooper;  Mrs.  Julia  Ward  Howe;  Mrs.  Phebe 
M.  Kendall;  Mrs.  Jonathan  A.  Lane;  Mrs.  J.  E.  l-,odge;  Miss  Abby  W. 
May;  Mrs.  R.  H.  Richards;  C.  C.  Smith;  Miss  Ticknor;  Mrs.  S.  D. 
Warren:  Mrs.  Kaite  Gannett  Wells. 

(yunmitti'e  on  Finance: — Dr.  Roi)ort  Amory;  Hon.  John  Cummings. 
^hninnan;  Willinm  Ei)(Iirott:  Augustus  KhiL'tr ;  AV.  O.  Grover;  Franklin 
Haven:  George  Higglnson;  Hamilton  A.  Hill;  K.  W.  Hooper;  H.  P. 
Kklier;  J.  L.  Little;  Augustus  Lowell;  Hon.  E.  R.  Mudge;  Gen.  Francis 

a*  (ix) 


X  LOCAL   COMMITTEE. 

A.  Osborii ;  C.  J.  Paine ;  F.  E.  Parker;  F.  H.  Peahody ;  Gen.  C.  L.  Peirson  ; 
Geu.  A.  P.  ){()ck\vt'll;  M.  )).  Koss;  Charles  James  Spra^ue;  Nathaniel 
Thayer;  Samuel  Wells,  Sfcretarf/. 

Commillee  on  Jiailronds  : — C.  F.  Adams,  Jr. ;  Edward  Atkinson;  Dr.  J. 
R.  Chadwiek,  Svcvctnry ;  C  F.  Choale;  Hon.  John  Cumminirs:  Dr.  C.  F. 
Folsoni;  V.  \V.  Folsoni;  William  T.Hart;  Franklin  Haven :  Dr.  B.  Joy 
Jefft'ies;  B.  P.  Mann;  lien.  Francis  A.  Osborn;  E.  15.  Phillips;  Gen.  A. 
P.  Kockwell,  Cliiiirman ;  J.  U.  Stearns;  James  P.  Tolman. 

CommiUee  on  Hotels  and  Loihiinfjs: — Dr.  W.  S.  Bi;;elo\v;  E.  T.  Bouv6, 
Sfcretat-y ;  F.  C.  liowditch;  N.  J.  Bradlee;  Edw.  Bur^^ess;  Dr.  John 
Dixwell;  Prof.  A.  E.  Dolbear;  Dr.  W.  G.  Farlow;  K.  C.  Greenleaf; 
Curtis  Guild;  G.  W.  Hammond;  J.  B.  Henck,  Jr.;  Dr.  David  Hunt; 
Prof.  C.  L.  Jackson;  Prof.  G.  F.  H.  Markoe;  Prof.  J<»hn  P.  Marshall; 
Dr.  C.  S.  Minot;  Gen.  Francis  A.  Osborn.  Chainnan;  Pnif.  G  A.OsDorne; 

A.  S.  Porter;  H.  A.  Purdie:  Dr.  Tijomas  M.  Koich:  S.  P.  IJu-^^-les;  S.  P. 
Sharpies;  Dr.  F.  C.  Shaituck:  Dr.  J.  C.  Warren;  Prof.  William  Weston; 
Dr.  W.  F.  Whitney;  Prof.  C.  Whittaker. 

CommiUee  on  liooms  for  Meetings: — Prof.  W.  P.  Atkinson;  L.  S. 
Burbank;  Edw.  Burgess;  W.  O.  Crosby;  Prof.  C.  H.  Cross;  Prof.  F.  H. 
Howlson;  Prof.  A.  Hyatt;  Prof.  G.  Lanza;  Prof.  W.  li.  Nichols;  Prof. 
J.  M.  Ordway,  Chainnan;  Prof.  C.  P.  Otis:  Prof.  K.  H.  Bichards,  Secre- 
tary; E.  P.  Seaver;  Homer  B.  Sprague;  Prof.  W.  R.  Ware;  Prof.  C.  H. 
Wing. 

Committee  on  Mai! Sj  Express  and  Telegraph: — Waldo  Adams;  Prof.  A. 
Graham  Bell;  Dr.  Clarence  J.  Blake,  Secretary;  F.  C.  Bowdltcli;  Georjje 
L.  Bradley;  Col.  W.  W^.  Clapp;  Prof.  C.  B.  Cross,  Chairman:  James 
Kgjfleston;  Col.  William  H.  For»)es;  1).  A.  Goddard ;  E.  L.  Godkiu;  E. 

B.  Haskell;  Col.  T.  W.  Hij>:ginson;  W.  A.  Hovey ;  Gardiner  G.  Hubbard; 
George  F.  Miliken;  Patrick  T.  Jackson;  Col.  U.  M.  Pulsifer;  Waldo  O. 
Boss;  M.  E.  Wadsworlh ;  Dr.  G.  F.  Waters;  B.  Worthinfrton. 

Committee  on  h.occnrsions : — Edward  Atkinson,  Chairman  ;  Ernest  W. 
Bowdltch;  Dr.  Henry  P.  B(>w<llieli,  Secretari/ ;  C.  H.  Dalion ;  W.  M. 
Davis,  Jr.;  Dr.  John  Dean;  Dr.  Thomas  Dwi;;ht;  Dr.  B.  T.  Edes;  J. 
Bayner  Edmands;  B.  B.  Forbes;  Janies  B.  Francis;  Dr.  Samuel  A. 
Green;  Prof.  H.  W.  Haynes;  Prof.  J.  B.  Henck;  Hamilton  A.  Hill:  Dr. 
S.  Kneeland;  H.  F.  Mills;  Prof.  Henry  Mitchell;  Prof.  Wi  liim  H.  Niles; 
G«n.  F.  W.  Palfrey;  S.  B.  Pavson:  E.  S.  Phllbrick;  J.  1).  Philbrick;  Dr. 

C.  P.  Putnam;  Dr.  J.  J.  Putnam;  Dr.  H.  P.  Quiucy:  Col.  H.  S.  Bussell; 
C.  S.  Storrow;  Dr.  J.  C.  Warren;  Prof.  H.  L.  Whiting;  Dr.  Edward 
Wigiilesworth ;  Dr.  C   H.  Williams. 

Cambridge  Committee: — A.  Ajrassiz,  Chairman;  Lucien  Carr:  Prof. 
William  Cook;  Prof  J.  P.  Cooke;  Pres.  C.  W.  Eliot;  Prof.  H.  L.  Eustis ; 
Dr.  W.  G.  Farlow;  Prof.  Wolcott  (iibbs;  Dr.  G.  L.  Goodale ;  Prof.  Asa 
Gray;  Dr.  H.  A.  llagm;  Prof.  E.N.  Horsford;  Prof.  Joseph  Loverinu:; 
Prof.  Benjamin  Peirce;  Trof.  E.  C.  Pickering.  ISetntary ;  F.  W.  Puiuam; 
Prof.  W.  A.  Bogers;  S.  H.  Scudder;  Arthur  Searle;  Prof  N.  S.  Shaler; 
Prof.  John  Trowbridge ;  Sereno  Watson;  Prof.  C.J.  White;  Prof.  J.  1). 
Whitney;  Justin  Winsor;  Dr.  Morrill  Wyman. 

Salem  Committee: — Bev.  E.  S.  Atwood;  Bev.  Edwin  C  Bolles;  James 
n.  Emerton;  George  B.  Emmerton;  Hon.  William  C.  Endicott;  AbniT 
C.  Goodell,  Jr.;  Daniel  B.  Hajrar;  Thomas  F.  Hunt;  Bev.  Fielder  Israel; 
Dr.  Amos  H.  Johnson:  Frank  B.  Kimball;  Hon.  James  Kimball;  Hon. 
Olis  P.  Lord;  Dr.  William  Mack;  Bichard  C.  Manning,  Secritartj;  Prof. 
Edward  S.  Morse:  Gen.  Henry  K.  Oliver;  Francis  Peabody ;  S.  Endicott 
Peabody ;  David  Pingree;  Bobert  S.  Bantoul :  John  Bobinson;  Jacob  C. 
Bogers;  Gen.  William  Sutton;  Dr.  Henry  Wheatland,  Chairman;  Hon. 
Stephen  G.  Wheatland:  Capt.  George  M.  Whipple. 

Executioe  Committee: — Messrs.  William  B.  Ko;;ers;  F.  W.  Putnam;  C. 
W.  Scudder;  S.  H.  Scudder;  E.  Burgess,  with  the  CUuirman  auU  Secre- 
taries of  tlie  several  special  committees. 


OFFICERS  OF  THE  ASSOCIATION 

ELEGTKD  FOR  THE 

CINCINNATI    MEETING, 


PRESIDENT. 
G.  J.  Bkusii.  of  New  Haven,  Coqd. 

VICE  PRESIDENT,  Seotion  A. 
[Prof.  Maykr  was  elected,  but  ba^  resigned  owing  to  ill  health.] 

VICE  PRESIDENT,  Sjsotion  B. 
[Dr.  Enoklmann  was  elected,  but  resi^rncd  as  ho  Is  In  Europe.] 

CHAIRMAN  OF  PERBiANENT  SUBSECTION  OF  CHSIOSTRT. 
William  Riplky  Nichoi^,  of  Boston,  Mass. 

CHAIRMAN  OF  PERMANENT  SUBSECTION  OF  MICROSCOPY. 

A.  U.  Hkkvky,  of  Taunton,  Mass. 

CHAIRMAN  OF  PERMANENT  SUBSECTION  OF  ANTHROPOLOQT. 

Gakuick  Mallkky,  of  Washington,  D.  C. 

CHAIRMAN  OF  PERMANENT  SUBSECTION  OF  SNTOMOIiOaT. 

John  G.  Mokicih,  of  Unltiniore,  Md. 

PERMANENT  SECRETARY. 
F.  W.  Putnam,  of  Cambridge,  Mass. 

GENERAL  SECRETARY. 
C.  V.  RiLKY,  of  Wasliintftou,  D.  C. 

SECRETARY  OF  SECTION  A. 
John  Tuowuuidgk,  of  Cambridge,  Mass.' 

SECRETARY  OF  SECTION  B. 
"William  Salndkks,  of  London,  Ontario. 

SECRET  ART  OF  PERMANENT  SUBSECTION  OF  CHEMISTRY. 

H.  W.  WiLKY,  of  Lafayette,  Ind. 

8EGRETAB7  OF  PERMANENT  SUBSECTION  OF  MIOROSCOFT. 

S.  P.  8HAKPLKS,  of  iioston,  Mass. 

8XGRETAB7  OF  PERMANENT  SUBSECTION  OF  ANTHROPOIiOOT. 

J.  G.  Hkndkuson,  of  Wiiurhester,  111. 

8S0BETAH7  OF  PERMANENT   SUBSECTION  OF  ENTOMOIiOOY. 

B.  PiCKMAN  Mann,  of  Cambridge,  Mass. 

TREASURER. 
William  S.  Vaux,  of  Philadelphia,  Pa. 

STANDING  COMMITTEE. 

PoMt  Presidents.  —  Jamks  1).  Dana,  of  New  Haven;  Jamrs  Hall,  of 
Albany:  Stkphkn  Alkxandkk,  of  Princeton;  Lsaac  Lka,  of  Philadel- 
plila;  F.  A.  P.  Barnard,  of  New  York;  J.  S.  Nkwbkrry,  of  New  York; 
B.  A.  Gould,  of  Boston;  T.  Stkruy  Hunt,  of  Montreal;  Asa  Gray, 
of  Cambridge :  J.  Lawuknck  Smith,  of  Louisville;  Joskph  Lovkring,  of 
Cambridge;  John  L.  LkContk,  of  Philadelphia;  J.  E.  Hilgakd,  of 
Washlngt«»n  ;  Wiixiam  B.  Rogkrs,  of  Boston ;  Simon  Nkwcomb,  of  Wash- 
ington; O.  C.  Marsh,  of  New  Haven;  Gkorgk  F.  Barkkr,  of  Philadel- 
phia. 

The  President^  Vice  Presidents,  Pei*manent  and  General  Secretaries,  the 
Secretaries  of  Sections  A  and  B.  and  Treasurer  of  the  Meeting, 

Officers  of  the  Preceding  Meeting.  —  Lkwis  H.  Morgan,  of  Rochester; 
Asaph  Hall,  of  Washlnjrton;  Alkxandkr  Agaksiz,  of  Cambridge;  John 
K.  Kkk8,  of  St.  Louis;  Hknry  B.  Nason,  of  Troy. 

Prom  the  Aasftciation  at  larye.  —  [Six  Fellows  to  be  elected  on  the  first 
day  of  the  meeting  ] 


LOCAL  COMMITTEE 


FOR  THE 


CINCINNATI    MEETING 


£X£CI7nV£  OOMMXTTEB. 

A.  T.  GosHORX,  Chairman ;  F.  W.  Clarkk,  Ohmond  Stonk,  Secretaries  ; 
Juuus  Dkxtkr,  Treasurer;  J.  D.  Cox,  William  McAlpin,  Herbert 
Jenney,  George  W.  Jones,  Archer  Brown,  C.  W.  Wendte,  Robert 
Brown,  Jr. 

SPECIAIi  COMMITTBSB. 

Committee  on  deception.  —  J.  D.  Cox,  Chairman ;  Miss  E.  O.  Abbot, 
Larz  Anderson,  John  Bachman,  G.  K.  Barlholomew,  J.  D.  Brannan, 
Robert  Brown,  Jr.,  Mrs.  Robert  Brown,  Jr.,  Gustav  Bruehl,  Dr.  J.  1). 
Buck,  Pitts  H.  Burt,  Dr.  Julia  Carpenter,  V.  T.  Chambers,  J.  B.  Chicker- 
ing,  H.  F.  Clark,  Robert  Clarke.  Dr.  Wm.  Clendenin,  Dr.  C.  G.  Conieiy:y8, 
Dr.  P.  S.  Conner,  E.  W.  Coy,  J.  M.  Crawford,  C.  II.  Daniels,  Dr.  John 
Davis,  William  Henry  Davis,  Dr.  W.  W.  Dawson,  Mrs.  William  Dodd, 
S.  W.  Duncan,  Fred.  Eckstein,  Jr.,  H.  T.  Eddy,  James  Eels,  Sumner 
Ellis,  Jacob  Elsas,  T.  J.  Emery,'  Mrs.  T.  J.  Emery,  L.  J.  Evans,  Seth 
Evans,  M.  Fechhelmer,  Francis  Ferry,  Miss  Fannie  Field,  Dr.  C.  D.  Fish- 
barn,  Frank  S.  Fitch,  Mrs.  Richard  Folsom,  M.  F.  Force,  Mrs.  M.  F. 
Force,  Dr.  F.  Forchheimer,  Julius  Freiberg,  W.  H.  French,  Alex.  Fries, 
Mrs.  G.  R.  Fries,  H.  B.  Furness,  Florlen  Glauque,  John  Goddurd,  Miss 
Emma  Goepper,  George  S  Gray,  Telford  Grocsbeck,  W.  S.  Groesbeck, 
J.  W.  Hall,  G.  W.  Harper,  L.  B.  Harrison,  J.  M.  Hart,  Dr.  A.  E.  Heij^h- 
way,  A.  E.  Helghway,  Jr.,  J.  W.  Herron,  J.  S.  Highlands,  A  H.  Hinkle, 
Russell  lllnman,  J.  M.  Ilodjre,  Dr.  A.  J.  Howe,  Z.  M.  Humphrey,  Mrs.  Z. 
M.  Humphrey,  Dr.  Geo.  llunert.  Dr.  J.  11.  Hunt,  E.  W.  Hyde,  Dr.  F. 
Kebler,  John  Kebler,  Mrs.  John  Kebler,  A.  T.  Keckeler,  Dr.  A.  C. 
Kemper,  Rufus  King,  Thomas  Kite.  Miss  Annie  Laws,  E.  D.  Ledyard, 
T.  D.  Lincoln,  Mrs.  T.  D.  Lincoln,  H.  P.  Lloyd,  Joseph  Longworth,  N. 
Longworth,  G.  W.  Lasher,  A.  H.  McGuffey,  William  McMastor,  P.  Mal- 
lon,  William  Means,  C.  W.  Merrill,  W.  E.  Merrill,  John  Mlckleborough, 
H.  Thane  Miller,  S.  A.  Miller,  Ottmar  v.  Mohl,  Paul  Mohr,  Dr.  J.  A. 
Murphy,  Dr.  W.  H.  Mussey,  N.  Newbury:h,  J.  M.  Newton.  Mrs.  M.  L. 
Nichols,  Dr.  O.  D.  Norton,  R.  H.  Parkinson,  E.  H.  Pendleton,  Aaron  F. 

(xll) 
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Perry,  Mrs.  A.  F.  Perry,  John  T.  Perry,  H.  W.  Pohlraeyer,  Henry  Pro- 
hasco,  H.  A.  Katternian,  Edward  Kawson,  D.  W.  Khodi'S,  II.  B.  Rldg- 
away,  C.  D.  Robertson,  Dr.  F.  Roelkcr,  Mrs.  R.  S.  Rust,  Dr.  Robert 
Saltier,  W.  \V.  Scarborough,  J.  G.  SchaaU  Lewis  Seasongood,  Dr. 
W.  W.  Seely,  Murray  Shipley,  David  Slnton,  T.  H.  Skinner,  Fayette 
Smith,  R.  R.  Springer,  J.  B.  Stalio,  C.  A.  Stantz,  Alphouso  Taft,  Dr. 
Jonathan  Taft,  Charles  Turcke,  W.  H.  Venable,  William  Vleth,  J.  M. 
Walden,  E.  S.  Wayne,  J.  W.  Wayne,  C.  W.  Wendte,  C.  W.  West,  Mi-s. 
H.  C.  Whitman,  Dr.  J.  T.  Whittaker,  Mrs.  A.  E.  Wilde,  I.  W.  Wiley,  Dr. 
E.  Williams,  Davies  Wilson,  Mrs.  Davies  Wilson,  M.  F.  Wilson,  I.  M. 
Wise,  J.  S.  Zerbe. 

Committee  on  Finance.  —  Julius  Dexter,  Chairman;  Matthew  Addy,  B. 
Bettmann,  B.  F.  Brannau,  Richard  Dymond,  A.  L.  Frazer,  G.  P.  Griffith, 
C.  H.  Kellogg,  Joseph  Kinsey,  Max  Lllienthal,  Alfred  Springer,  Theodore 
Stanwood. 

Committee  on  Rooms  for  Meeting,  — William  McAlpin,  Chairman ;  Louis 
Ballauf,  W.  H.  Bellows,  E.  R.  Donohue,  Charles  Dury,  R.  H.  Galbreath, 
Thomas  Gilpin,  F.  W.  Handy,  L.  M.  Rosea,  George  Ward  Nichols,  Arthur 
Stem,  A.  G.  Wetherby,  W.  C.  Cochran. 

Committer  on  Hotels  and  Lodgings.  —  Herbert  Jenney,  Chairman;  Dr. 
S.  C.  Ayres,  J.  S.  Conner,  Alex.  Hill,  Thornton  M.  Hinkle,  P.  P.  Lane, 
Nelson  W.  Perry,  W.  L.  Robinson,  W.  H.  Stewart. 

Committee  on  Entertainments  and  Excursions. —  George  W.  Jones,  Chair- 
man; A.  L.  Anderson,  G.  Bouscaren,  R.  M.  Byrnes,  A.  B.  Champion, 
Theodore  Cook,  Mrs.  John  Davis,  Mrs.  W.  B.  Davis,  Mrs.  William 
Henry  Davis,  Hermann  Goepper,  L.  A.  Harris,  Mrs.  A.  J.  Howe,  M.  E. 
Ingalls,  G.  B.  Kerper,  Mrs.  John  Kilgour,  C.  F.  Low,  P.  F.  Mohr, 
J.  B.  Peaslee,  John  Simpkinson,  Mrs.  Alphonso  Taft,  S.  Lester  Taylor, 
A.  W.  Whelpley,  Mrs.  Elkanah  Williams,  D.  Gano  Ray,  Joseph  Cox, 
S.  F.  Hunt. 

Committee  on  Transportation.  —  A.  T.  Goshorn,  temporary  Chairman; 
A.  D.  Bullock,  E.  V.  Cherry,  J.  M.  Doherty,  J.  J.  Henderson,  A.  lllcken- 
looper,  J.  M.  Kinney,  J.  O.  Shlras. 

Committee  on  Press  and  Printing.  —  Archer  Brown,  Chairman;  O.  P. 
Austin,  W.  L.  Dudley,  John  Hagemann,  Joseph  James,  Dr.  F.  W.  Lang- 
don,  Leopold  Markbrelt,  M.  L.  Hawkins,  V.  R.  Shcpard,  Percy  Procter, 
C.  P.  Taft,  R.  B.  Warder,  Hebry  Haacke. 


SPECIAL    COMMITTEES. 


1.     Permanent  Committee  on  IVehjfits,  Measitres  and  Coinage, 


F.  A.  P.  Barnaud,  of  New  York, 
B.  A.  Gould,  of  Boston, 
J.  E.  HiLGAKD,  of  Wa-ih'mgton, 
H.  A.  Nkwton,  of  New  Unveii, 


William  B.  Bogkrs,  of  Boston, 
J.  Lawkknck  S.Mirii,  of  Loiilsville, 
E.  B.  Elliott,  of  Wnshinjrton, 
John  Tkowbuidge,  of  Cambridge, 


A.  M.  Mayer,  of  Hoboken. 


2.     Committee  to  Memorialize  the  Lerjislature  of  New  York  for  a  Ne%o 

Survey  of  Niagara  Falls, 


F.  A.  P.  Baknauo,  of  New  York, 
Jamrs  Hall,  of  Albany, 


G.  W.  IIoLLKY,  of  Niagara  Falls, 
J.  T.  Gardnku,  of  Albany. 


8.     Committee  on  the  JRelation  of  Science  to  (he  Industrial  Arts. 


R.  H.  Thurotox,  of  Iloboken, 
J.  M.  Savford,  of  Nashville, 


J.  T.  WiLDKR,  of  Chattanooga, 
O.  CiiAXUTK,  of  New  York, 


J.  W.  OsiiORNK,  of  Washini^tou. 


4.     Committee  to  obtain  Permanent  Funds  for  the  Association,  and  to  adrise 
xcith  Treasurer  ami  Permanent  Secretary  on  financial  matters. 


William  B  Bogkrs,  of  Boston, 
J.  Lawrknck  8MITII,  of  Louisville, 


Lkwis  W.  Morgan,  of  R<iclioster, 
Alkxandkr  AGAS8IZ,  of  Cambrklijc, 


UoBEKT  U.  Thurston,  of  Hoboken. 
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5.     Committee  on  Membership. 


J.  S.  XKwnKnnv,  of  New  York, 
Simon  Nkwcomb,  of  Washington, 
William  B.  Kogrrs,  of  Boston, 


J.  1).  Dana,  of  New  Haven, 

J.  Lawuknck  Smith,  of  Louisville, 

The  Gknkkal  Skcrktauy, 


The  Pkiimanknt  Seckktauy. 


G.     Committee  on  the  beat  methods  of  Science  Teaching  in  the  Public 

Schools. 


E.  L.  Youmaxs,  of  New  York, 
A.  R.  Grotk,  of  New  York, 
J.  S.  Newbkkhy,  of  New  York, 


J.  W.  PowFXL,  of  Washington, 
N.  S.  Shalkr,  of  Cambridge, 
N,  T.  LuPTON,  of  Nashville. 


7.     Committee  on  the  Registration  of  Deaths^  Births^  and  Marriages. 


E.  B.  Elliott,  of  Washington, 
J.  H.  KiLLEKitRW,  of  Nashville, 
E.  T.  Cox,  of  Oakland, 


F.  B.  Hough,  of  Lowville, 
J.  S.  CoPKS,  of  New  Orleans, 
John  Collett,  of  Indianapolis. 


8.     Committee  on  Standard  Time. 


Ormond  Stone,  of  Mt.  Lookout, 
S.  P.  Langlby,  of  Allegheny, 
E.  0.  Pick  Kiel  no,  of  Cambridge, 
J.  R.  Eastman,  of  Washington, 


Lkwis  Boss,  of  Albany, 
Leonard  Waldo,  of  New  Haven, 
J.  K.  Rkks,  of  St.  Louis, 
G.  W.  Hough,  of  Lowville, 


H.  S.  Pritchkft,  of  Glasgow. 


9.     Committee  on  Stellar  Magnitudes. 


E.  C.  Pickkrino,  of  Cambridge, 
Lf.wis  Boss,  of  Albany, 
S.  W.  BuicNiiAM,  of  Washington, 
Asaph  Hali^  of  Washington, 
William  Harkness,  of  Washington, 


E.  S.  HoLDEN,  of  Ann  Arbor, 
Simon  Nkwcomb,  of  Washington, 
C.  H.  F.  Pktkrs,  of  Clinton, 
Ormond  Stonk,  of  Mt.  Lookout, 
C.  A.  Young,  of  Princeton. 


10.     CommitUe  to  Audit  the  Accounts  of  the  Permanent  Secretary  and 

Treasurer. 


Henrt  Wheatland,  of  Salem, 


Thomas  Meehan,  of  Philadelphia. 
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COMMONWEALTH  OF  MASSACHUSEnS. 


IN  THE  YEAR  ONE  THOUSAND  EIGHT  HUNDRED  AND  SEVENTY-FOUR. 


AN  ACT 

To   Incorporate   the  "  American    Association    for   the 

Advancement  of   Science." 

Be  it  enacted  bi/  the  Senate  and  House  of  Bepresentatives,  in  General  Court 
assembled^  and  by  the  authority  of  the  same^  as  follows: 

Skctiox  1.  Joseph  Henry  of  Washington,  Benjamin  Pierce  of  Cam- 
bridge, Jumcs  D.  Dana  of  New  Haven,  James  Hall  of  Albany,  Alexis 
Caswell  of  Providence,  Stephen  Alexander  of  Princeton,  Isaac  Lea  of 
Philadelphia,  F.  A.  P.  Barnard  of  New  York,  John  S.  Newberry  of  Cleve- 
land, B.  A.  Gould  of  Cambridge,  T.  Stcrry  Hunt  of  Boston,  Asa  Gray  of 
Cambridge,  J.  Lawrence  Smith  of  Ix)nisville,  Joseph  Lovering  of  Cam- 
bridge and  John  LeConte  of  Philadelphia,  their  associates,  the  officers 
and  members  of  the  Association,  known  as  the  **  American  Association 
for  the  Advancement  of  Science,"  and  their  successors,  are  hereby  made 
a  corporation  by  the  name  of  the  **  American  Association  for  the 
Advancement  of  Science,"  for  the  purpose  of  receiving,  purchasing, 
holding  and  conveying  real  and  personal  property,  which  it  now  is,  or 
hereafter  may  be  possessed  of,  with  all  the  powers  and  privileges,  and 
subject  to  the  restrictions,  duties  and  liabilities  set  forth  in  the  general 
laws  which  now  or  hereafter  may  be  in  force  and  applicable  to  such  cor- 
porations. 

Section  2.  Said  corporation  may  have  and  hold  by  purchase,  grant, 
gift  or  otherwise,  real  estate  not  exceeding  one  hundred  thousand 
dollars  in  value,  and  personal  estate  of  the  value  of  two  hundred  and 
fifty  thousand  dollars. 

Section  3.  Any  two  of  the  corporators  above  named  are  hereby 
authorized  to  call  the  first  meeting  of  the  said  corporation  in  the  month 
of  August  next  ensuing,  by  notice  thereof  **  by  mail,"  to  each  member  of 
the  said  Association. 

Section  4.     This  act  shall  take  effect  upon  its  passage. 

House  of  Representatives,  March  10,  1874. 
Passed  to  be  enacted, 

John  E.  Sanford,  Speaker, 
In  Senate,  March  17,  1874. 

Passed  to  be  enacted,  March  19,  1874. 

Gko.  B.  Lorino,  President,  Approved, 

W.  B.  Washburn. 
Secretary's  Department, 

Boston,    April   3,    1874. 

A  true   copy.  Attest: 

David  Pulsifer, 

Deputy  Secretary  of  the  Commonwealth. 
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ORDER  OF  PROCEEDINGS 


IN 


ORGANIZING  A  MEETING 


1.  The  retiring  President  introduces  the  President  elect,  who  takes  the 

chair. 

2.  Formalities  of  welcome  of  the  Association  as  may  foe  arranged  by 

the  Local  Committee. 

3.  Report  of  the  list  of  papers  on  the  register  and  their  reference  to 

the  Sections. 

4.  Other  reports. 

5.  Announcements  of  arrangements  by  the  Local  Committee. 

6.  Blectioos  to  complete  the  •Standing  Committee. 

7.  Election  of  members. 
6.  Election  of  fellows, 

9.  Unenuraerated  business, 

10.   A<Uournment  to  meet  in  Sections. 

This  order,  so  far  as  applicable,  to  be  followed  in  s«bscq«eat  General 
Sessions. 


CONSTITUTION 


OF  THE 


AMERICAN    ASSOCIATION  FOR  THE  ADVANCEMENT 

OF  SCIENCE. 

Incorponied  bj  Act  of  tbe  General  Court  of  the  Commonwealtb  of  MaBsacbasetts. 


Objects. 

Articub  1.  The  objects  of  the  Association  are,  bj  periodical  ancl  mi- 
gratory meetings,  to  promote  intercourse  between  those  who  are  cultl- 
TEting  science  in  different  parts  of  America,  to  give  a  stronger  and  more 
general  impulse  and  more  systematic  direction  to  scientific  research,  and 
to  procure  for  the  labors  of  scientific  men  increased  facilities  and  a  wider 
usefulness. 

Members,  Fellows,  Patroii s  ani>  Honorary  Fellows. 

Art.  2.  The  Association  shall  consist  of  Members,  Fellows,  Patrons 
and  Honorary  Fellows. 

Art.  3.  Any  person  may  become  a  Member  of  the  Association  upon 
recommendation  in  writing  by  two  members  or  fellows,  nomination  by 
tbe  Standing  Committee,  and  election  by  a  majprity  of  the  members  and 
fellows  present  in  general  session. 

Art.  4.  Fellows  shall  be  nominated  by  the  Standing  Committee  fh>m 
KQch  of  tbe  members  as  are  professionally  engaged  In  science,  or  have  by 
their  labors  aided  in  advancing  science.  The  election  of  fellows  shall  be 
by  ballot  and  a  majority  vote  of  the  members  and  fellows  present  in  gen- 
eral session.  Bnt  all  persons  who  may  be  members  at  the  time  of  the 
adoption  of  this  constitution  may  become  fellows  by  signifying  their 
desire  to  this  effect  before  the  first  day  of  Aagnst,  1875. 

Art.  6.  Any  person  paying  to  the  Association  the  sum  of  one  thousand 
dollars  shall  be  classed  as  a  Patron,  and  shall  be  entitled  to  all  the 
privileges  of  a  member  and  to  all  its  publications. 
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XX  ii  CONSTITUTION 

Art.  C.  Honorary  Fellows  of  the  Association,  to  the  number  of  ten  for 
each  section,  may  be  elected;  the  nominations  to  be  made  by  the  Stand- 
ing Committee  and  approved  by  ballot  in  the  respective  sections  before 
election  by  ballot  in  general  session.  Honorary  Fellows  shall  be  entitled 
to  all  the  privileges  of  follows  and  shall  be  exempt  from  all  fees  and  as- 
sessments, and  entitled  to  all  publications  of  the  Association  issued  after 
the  date  of  their  election. 

Akt.  7.  The  name  of  any  member  or  fellow  two  years  in  arrears  for 
annual  dues  shall  be  erased  from  the  list  of  the  Association,  provided  that 
two  notices  of  indebtedness,  at  an  interval  of  at  least  three  months,  shall 
have  been  given ;  and  no  such  person  shall  be  restored  until  he  has  paid 
his  arrearages  or  has  been  reiilected. 

Art.  8.  No  member  or  fellow  shall  take  part  in  the  organization  or 
business  of  both  sections  at  the  same  meeting. 

Officers. 

Art.  9.  The  Officers  of  the  Association  shall  be  elected  by  ballot  in 
general  session  f^om  the  fellows  and  shall  consist  of  a  President,  two 
Vice  Presidents,  a  General  Secretary,  a  Permanent  Secretary,  a  Treas- 
urer, a  Secretary  of  Section  A,  and  a  Secretary  of  Section  B ;  these,  with 
the  exception  of  the  Permanent  Secretary,  shall  be  elected  at  each  meet- 
ing for  the  following  one,  and,  with  the  exception  of  tiie  Treasurer  and 
the  Permanent  Secretary,  shall  not  be  reCligible  for  tlie  next  two  meet- 
ings.   The  Permanent  Secretary  shall  be  elected  at  each  fifth  meeting. 

Art.  10.  The  President,  or,  in  his  absence,  one  of  the  Vice  Presidents, 
shall  preside  at  all  general  sessions  of  tlie  Association  and  at  all  meetings 
of  the  Standing  Committee.  It  shall  also  be  the  duty  of  the  President  to 
give  an  address  at  a  general  session  of  the  Association  at  the  meeting 
following  that  over  which  he  presided. 

Art.  11.  The  Vice  Presidents  shall  be  the  presiding  oflJcers  of  Sections 
A  and  B,  and  of  the  Sectional  Committees,  and  it  shall  be  part  of  their 
duty  to  give  an  address,  each  before  his  respective  section,  at  such  time 
as  the  section  shall  determine.  The  Vice  Presidents  may  reciuest  their 
respective  sections  to  appoint  temporary  chairmen  to  preside  over  the 
sessions  of  the  sections,  but  shall  not  delegate  their  other  duties. 

Art.  12.  The  General  Secretary  shall  be  the  Secretary  of  all  general 
sessions  of  the  Association,  and  of  all  sessions  of  the  Standing  Com- 
mittee, and  shall  keep  a  record  of  the  business  of  these  sessions.    He 
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shall  receive  the  records  ttom  the  Secretaries  of  the  Sections,  which, 
after  examlnatioD,  he  shall  transmit  with  his  own  records  to  the  Perma* 
nent  Secretary  within  two  weeks  after  the  adjournment  of  the  meeting. 
He  shall  receive  proposals  for  membership  and  bring  them  before  the 
Standing  Committee.  He  shall  give  to  the  Secretary  of  each  Section  the 
list  of  papers  assigned  to  it  by  the  Standing  Committee. 

Art.  13.  The  Permanent  Secretary  shall  be  the  executive  officer  of  the 
Association  under  the  direction  of  the  Standing  Committee.  He  shall 
attend  to  all  business  not  specially  referred  to  committees  nor  otherwise 
coDstitntionally  provided  for.  He  shall  keep  an  account  of  all  business 
that  he  has  transacted  for  the  Association,  and  make  annually  at  the  first 
meeting  of  the  Standing  Committee,  a  report  which  shall  be  laid  before 
the  Association.  He  shall  attend  to  the  printing  and  distribution  of  the 
annual  volume  of  Proceedings,  and  all  other  printing  ordered  by  the  As- 
sociation. He  shall  issue  a  circular  of  information  to  members  and 
fellows  at  least  four  months  before  each  meeting,  and  shall,  in  connection 
with  the  Local  Committee,  make  all  necessary  arrangements  for  the 
meetings  of  the  Association.  He  shall  provide  the  Secretaries  of  the 
Association  with  such  books  and  stationery  as  may  be  required  for  their 
records  and  busii^ess,  and  shall  provide  members  and  fellows  with  such 
blank  forms  as  may  be  required  for  facilitating  the  business  of  the  Asso- 
ciation. He  shall  collect  all  assessments  and  admission  fees,  and  notify 
members  and  fellows  of  their  election,  and  of  any  arrearages.  He  shall 
receive,  and  bring  before  the  Standing  Committee,  the  titles  and  abstracts 
of  papers  proposed  to  be  read  before  the  Association.  He  shall  keep  an 
account  of  all  receipts  and  expenditures  of  the  Association,  and  report 
the  same  annually  at  the  first  meeting  of  the  Standing  Committee,  and, 
at  the  close  of  each  year,  shall  pay  over  to  the  Treasurer  such  unexpended 
funds  as  the  Standing  Committee  may  direct.  He  shall  receive  and  hold 
in  trust  for  the  Association  all  books,  pamphlets  and  manuscripts  be- 
longing to  the  Association,  and  allow  the  use  of  the  same  under  the  pro- 
visions of  the  Constitution  and  the  orders  of  the  Standing  Committee. 
He  shall  receive  all  communications  addressed  to  the  Association  during 
the  interval  between  meetings,  and  properly  attend  to  the  same.  He 
shall  at  each  meeting  report  the  names  of  fellows  and  members  who 
have  died  since  the  preceding  meeting.  He  shall  be  allowed  a  salary 
which  shall  be  determined  by  the  Standing  Committee,  and  may  employ  a 
clerk  at  such  compensation  as  may  be  agreed  upon  by  the  Standing  Com- 
mittee. 
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Art.  14.  The  Treasarer  shall  invest  the  fUnds  reoeived  by  him  in  each 
secarlties  as  may  be  directed  by  the  Standing  Committee.  He  shall 
annnaHy  present  to  tlie  Standing  Committee  an  account  of  the  ftinds  in 
his  charge.  No  ezpeuditure  of  the  principal  in  the  hands  of  the  Treas- 
urer shall  be  made  without  a  unanimous  vote  of  the  Standing  Committee, 
and  no  expenditure  of  the  income  received  by  the  Treasurer  shall  be 
made  without  a  two-thirds  vote  of  the  Standing  Committee. 

Art.  15.  The  Secretaries  of  Sections  A  and  B  shall  keep  the  records 
of  their  respective  sections,  and,  at  the  close  of  the  meeting,  give  the 
same,  including  the  records  of  subsections,  to  the  General  Secretary. 
They  shall  also  be  the  secretaries  of  the  sectional  committees. 

Art.  16.  In  case  of  a  vacancy  In  the  office  of  the  President,  one  of  the 
Vice  Presidents  shall  be  elected  by  the  Standing  Committee  as  the  Presi- 
dent of  the  meeting.  Vacancies  In  the  offices  of  Vice  President.  General 
Secretary,  Permanent  Secretary  and  Treasurer,  shall  be  filled  by  nomina- 
tion of  the  Standing  Committee  and  election  by  ballot  In  general  session. 
A  vacancy  In  the  office  of  Secretary  of  a  Section  shall  be  filled  by  nomi- 
nation and  election  by  ballot  in  the  section. 

AuT.  17.  The  Standing  Committee  shall  consist  of  the  past  Presidents, 
the  President,  the  Vice  Presidents,  the  four  Secretaries,  the  Treasurer, 
with  the  above  named  officers  of  the  preceding  meeting,  and  six  fellows 
elected  by  ballot  after  open  nomination  at  the  first  general  session.  The 
members  present  at  any  regularly  called  meeting  of  the  Committee,  pro- 
vided there  arc  nt  least  five,  shall  form  a  quorum  for  the  transaction  of 
business.  The  Standing  Committee  shall  meet  on  the  day  preceding 
each  annual  meeting  of  the  Association,  and  arrange  the  programme  for 
the  first  day  of  the  sessions.  The  time  and  place  of  this  first  meeting 
shall  be  designated  by  the  Permanent  Secretary-.  Unless  otherwise  agreed 
upon,  regular  meetings  of  the  Committee  shall  be  held  In  the  com- 
mittee room  at  9  o'clock,  a.m.,  on  each  day  of  the  meeting  of  the  Asso- 
ciation. Special  meetings  of  the  Committee  may  be  called  at  any  time 
by  the  President.  The  Standing  Committee  shall  be  the  board  of  super- 
vision of  the  Association,  and  no  business  shall  be  transacted  by  the 
Association  that  has  not  first  been  referred  to,  or  originated  with,  the 
Committee.  The  special  business  of  the  Committee  shall  be  :  to  receive 
and  assign  papers  to  the  respective  sections;  to  examine  and,  if  neces- 
sary, to  exclude  papers ;  to  decide  which  papers,  discussions  and  other 
proceedings  shall  be  published,  and  to  have  the  general  direction  of 
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the  publications  of  the  Association ;  to  manage  the  financial  afflilrs  of  the 
ABSoclatlon;  to  arrange  the  business  and  programmes  for  general  ses- 
BloDs;  to  appoint  general  sessions  for  the  evening;  to  suggest  subjects 
for  discussion,  investigation  or  reports;  to  nominate  members  and 
ftUows;  to  receive  and  act  npon  all  invitations  extended  to  the  Associa- 
tion and  report  the  same  at  a  general  session  of  the  Association. 

Art.  18.  The  Nominating  Committee  shall  consist  of  the  Standing 
Committee,  and  four  members  or  fellows  elected  by  each  of  the 
sections.  It  shall  be  the  duty  of  this  Committee  to  meet  at  the  call  of 
the  President  and  nominate  the  general  officers  for  the  following  meeting 
of  the  Association.  It  shall  also  be  the  duty  of  this  Committee  to  rec 
ommend  the  time  and  place  for  the  next  meeting.  The  Vice  Presidents 
and  Secretaries  of  the  Sections  shall  be  recommended  to  the  Nominating 
Committee  by  anb-commltteea  consisting  of  the  Vice  Presidents  and 
Secretaries,  and  the  four  persons  elected  by  each  section  under  the  first 
clause  of  this  article. 

Mektings. 

Art.  19.  The  Association  shall  hold  public  meetings  annually,  for  one 
week  or  longer,  at  such  time  and  place  as  may  be  determined  by  vote  of 
tbe  Association,  and  the  preliminary  arrangements  for  each  meeting 
shall  be  made  by  the  Local  Committee,  In  conjunction  with  the  Perma- 
nent Secretary  and  such  other  persons  as  the  Standing  Committee  may 
designate. 

Art.  20.  General  Sessions  shall  be  held  at  10  o*clock,  a.  m.,  unless 
otherwise  ordered,  on  every  day  of  the  meeting,  Sunday  excepted,  and 
at  such  other  times  as  may  be  appointed  by  the  Standing  Committee. 

Sections  and  Subsections. 

Art.  21.  The  Associatlou  shall  be  divided  into  two  Sections,  namely : 
▲  (Maihematic8,  Astronomy,  Physics,  Chemistry  and  Mineralogy)  and  B 
{Gtologif,  Zoology,  Botany  and  Anthropology).  Either  Section  may,  at 
its  plcasorc,  form  temporary  or  permanent  subsections  for  the  reading  of 
papers* 

Art.  22.  Immediately  on  the  organization  of  a  Section  there  shall  be 
three  fellows  elected  by  ballot  after  open  nomination,  who,  with  the 
Vice  President  and  Secretary,  and  the  Chairman  and  Secretary  of  the 
tnbsectloiMy  shall  form  its  Sectional  Committee.    The  Sectional  Com- 
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mittees  shall  have  power  to  All  vacancies  in  their  own  numbers.    Ther« 
shall  be  no  sectional  meeting  during  a  general  session. 

Art.  23.  When  any  Subsection  organizes,  it  shall  elect  a  Chairman  and 
Secretary  and  report  the  result  to  the  Secretary  of  its  Section.  The  Sec- 
retary of  a  Subsection  shall,  at  the  close  of  the  meeting,  transmit  his 
records  to  the  Secretary  of  the  Section.  Any  Permanent  Subsection  may 
elect  its  Chairman  for  the  ensuing  meeting. 

Art.  24.  No  paper  shall  be  read  in  any  Section  or  Subsection  until  it  has 
been  placed  on  the  programme  of  the  day  by  the  Sectional  Committees. 

Skctional  Committees. 

Art.  25.  The  Sectional  Committees  shall  arrange  and  direct  the  busi- 
ness of  their  respective  sections.  They  shall  prepare  the  dally  pro- 
grammes and  give  them  to  the  Permanent  Secretary  for  printing  at  the 
earliest  moment  practicable.  No  titles  of  papers  shall  be  entered  on  the 
daily  programmes  except  such  as  have  passed  the  Standing  Committee. 
No  change  shall  be  mnde  in  the  programme  for  the  dny  without  the 
consent  of  the  Sectional  Committee.  The  Sectional  Committees  may  re- 
Aise  to  place  the  title  of  any  paper  on  the  programme;  but  every  such 
title,  with  the  abstract  of  the  paper  or  the  paper  itself  must  be  returned 
to  the  Standing  Committee  with  the  reasons  why  it  was  refused. 

Art.  26.  The  Sectional  Committees  shall  examine  all  papers  and  ab- 
stracts referred  to  the  sections,  and  they  shall  not  place  on  the  pro- 
gramme any  paper  inconsistent  with  the  character  of  the  Association; 
and  to  this  end  they  have  power  to  call  for  any  paper,  the  character  of 
which  may  not  be  sufficientty  understood  fVom  the  abstract  submitted. 

Papers  and  Communications. 

Art.  27.  All  members  and  fellows  must  forward  to  the  Permanent 
Secretary,  as  early  as  possil)le,  and  when  practicable  before  the  conven- 
ing of  the  Association,  Aill  titles  of  all  the  papers  which  they  propose  to 
present  during  the  meeting,  with  a  statement  of  the  time  that  each  will 
occupy  in  delivery,  and  also  such  abstracts  of  their  contents  as  will  give 
a  general  idea  of  their  nature;  and  no  title  shall  be  referred  by  the 
Standing  Committee  to  the  Sectional  Committee  until  an  abstract  of  the 
paper  or  the  paper  itself  has  been  received. 

Art.  28.  If  the  author  of  any  paper  be  not  ready  at  the  time  assigned, 
the  title  may  be  dropped  to  the  bottom  of  the  list. 
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Reports  of  Meetings. 

Art.  29.  Whenever  practicable,  the  proceedings  and  discussions  at 
general  sessions,  sections  and  subsections  shall  be  reported  by  profes- 
sional reporters,  bot  such  reports  shall  not  appear  in  print  as  the  official 

reports  of  the  Association  unless  revised  by  the  secretaries. 

* 

Printed  Proceedings. 

Art.  80.  The  Permanent  Secretary  shall  have  the  Proceedings  of  each 
meeting  printed  in  an  octavo  volume  as  soon  after  the  meeting  as  possible, 
beginning  one  month  after  adjournment.  Authors  must  prepare  their 
papers  ready  for  the  press  and  forward  them  to  the  Permanent  Secretary 
within  this  Interval,  otherwise  only  the  abstracts  or  titles  will  appear  in 
the  printed  volumes.  The  Standing  Committee  shall  have  power  to  print 
an  abstract  only  of  any  paper.  Whenever  practicable,  proofs  shall  be 
forwarded  to  authors  for  revision.  If  any  additions  or  substantial  alter- 
ations are  made  by  the  author  of  a  paper  after  its  submission  to  the 
Secretary,  the  same  shall  be  distinctly  iudicated.  lUustratious  must  be 
provided  for  by  the  authors  of  the  papers,  or  by  a  special  appropriation 
fh>m  the  Standing  Committee.  Immediately  on  publication  of  the  volume, 
a  copy  shall  be  forwarded  to  every  member  and  fellow  of  the  Association 
who  shall  have  paid  the  assessment  for  the  meeting  to  which  it  relates, 
and  it  shall  also  be  offered  for  sale  by  the  Permanent  Secretary  at  such 
price  as  may  be  determined  by  the  Standing  Committee.  The  Standing 
Committee  shall  also  designate  the  institutions  to  which  copies  shall  be 
distributed. 

Local  Committee. 

Art.  81.  The  Local  Committee  shall  consist  of  persons  interested  in 
the  objects  of  the  Association  and  residing  at  or  near  the  place  of  the 
proposed  meeting.  It  is  expected  that  the  Local  Committee,  assisted  by 
the  officers  of  the  Association,  will  make  all  essential  arrangements  for 
the  meeting,  and  Issue  a  circular  giving  necessai*y  particulars,  at  least 
one  month  before  the  meeting. 

Library  of  the  Association. 

Art.  S2.  All  books  and  pamphlets  received  by  the  Association  shall  be 
In  the  charge  of  the  Permanent  Secretary,  who  shall  have  a  list  of  the 
•ame  printed  and  shall  furnish  a  copy  to  any  member  or  fellow  on  appli- 
cation.    Members  and  fellows  who  have  paid  their  assessments  in  full 
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shall  be  allowed  to  call  for  books  aod  pamphlets,  which  shall  be  delivered 
to  them  at  their  expense,  on  their  giving  a  receipt  agreeing  to  make 
good  any  loss  or  damage  and  to  return  the  same  fircc  of  expense  to  the 
Secretary  at  the  time  specified  In  the  receipt  given.  All  books  and  pam- 
phlets in  circulation  must  be  returned  at  each  meeting,  or  the  value  of 
any  not  so  returned  paid  to  the  Permanent  Secretary.  Not  more  than 
ten  books,  including  volumes,  parts  of  volumes,  and  pamphlets,  shall  be 
held  at  one  time  by  any  member  or  fellow.  Any  book  may  be  withheld 
from  circulation  by  order  of  the  Standing  Committee. 

Admission  Fee  and  Assessments. 

Art.  88.  The  admission  fee  for  members  shall  b.e  five  dollars  in  addi- 
tion to  the  annual  assessment.  On  the  election  of  any  member  as  a 
fellow  an  additional  fee  of  two  dollars  shall  be  paid. 

Art.  Si.  The  annual  assessment  for  members  and  fellows  shall  be 
three  dollars. 

Art.  85.  Any  member  or  fellow  who  shall  pay  the  sura  of  fifty  dollars 
to  the  Association,  at  any  one  time,  shall  become  a  Life  Member  and 
as  such  shall  be  exempt  from  all  further  assessments,  and  shall  be  enti- 
tled to  the  Proceedings  of  the  Association.  All  money  thus  received 
shall  be  invested  as  a  permanent  fUnd,  the  income  of  which  shall  be  used 
only  to  assist  in  original  research,  unless  otherwise  directed  by  unani- 
mous vote  of  the  Standing  Committee. 

Art.  86.  All  admission  fees  and  assessments  must  be  paid  to  the  Per- 
manent Secretary,  who  shall  give  proper  receipts  for  the  same. 

Accounts. 

Art.  87.  The  accounts  of  the  Permanent  Secretary  and  of  the  Treas- 
urer shall  be  audited  annually,  by  two  auditors  appointed  by  the  Stand- 
ing Committee. 

Alterations  of  the  Constitution. 

Art.  88.  Ko  part  of  this  Constitution  shall  be  amended  or  annulled, 
without  the  concurrence  of  three-fourths  of  the  members  and  fellows 
present  in  general  session,  after  notice  given  at  a  general  session  of  a 
preceding  meeting  of  the  Association. 
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Schott,  Charles  A.,  Coast  Survey  Office,  Washington,  D.  C.  (8).     1874. 

Schweitzer,  Prof.  Paul,  State  Univ.  of  Mo.,  Columbia,  Mo.  (24).     1877. 

ScuDDKK,  Samuel  H.,  Cambridge,  Mass.  (13).     1874. 

Seaman , W.  H.,  Microscoplst,  1424  11th  St.  N.  W.,  Washington,  D.  C.  (28). 

1874. 
Shaler,  Prof.  N.  S.,  Harvai*d  University,  Cambridge,  Mass.  (19).    1875. 
Sheafer,^P.  W.,  Potteville,  Pa.  (4).     1879. 

Sias,  Solomon,  M.D.,  Schoharie,  Schoharie  Co.,  N.  Y.  (10).     1874. 
Sill,  Hon.  Elisha  N.,  Cuyahoga  Falls,  Ohio  (6).     1874. 
Sllllman,  Prof.  Benj.,  Yale  College,  New  Haven,  Conn.  (1).     1874. 
Silliman,  Prof.  Juistus  M.,  Lafayette  College,  Easton,  Pa.  (19).     1874. 
Skinner,  Joseph  J.,  New  Britain,  Conn.  {2S),     1880. 
Smith,  Prof.  E.  A.,  University  of  Alabama,  Tuscaloosa,  Ala.  (20).    1877. 
Smith,  Mrs.  Erminnie  A.,  203  Pacific  Ave.,  Jersey  City,  N.  J.  (25).     1880. 
Smith,  Prof.  F.  H.,  University  of  Virginia,  Charlottesville,  Va.  (26).    1880. 
Smith,  Dr.  J.  Lawrence,  Louisville,  Ky.  (1).     1874. 
Smith,  Prof.  S.  I.,  Yale  College,  New  Haven,  Conn.  (18).     1876. 
Smock,  Prof.  John  Couover,  Rutgers  College,  New  Brunswick,  N.J.  (23). 

1879. 
Spencer,  John  W.,  Geol  ,  Paxton,  Sullivan  Co.,  Ind.  (20).     1874. 
Springer,  Dr.  Alfired,  P.  O.  Box  442,  Cincinnati,  Ohio  (24).     1880. 
Stanard,  Benjamin  A.,  Cleveland,  Ohio  (G).     1874. 
Steams,  Henry  P.,  M.D.,  Hartford,  Conn.  (28).     1874. 
Stearns,  R.  E.  C,  P.  O.  Box  13,  Berkeley,  Cal.  (18).     1874. 
Steiner,  Dr.  Lewis  H.,  Frederick  City,  Md.  (7).     1874. 
Stkphkns,  W.  Hudson,  Lowvllle,  N.  Y.  (18).     1874. 
Sternberg,  George  M.,  Surgeon  U.S.A.,  Care  Surgeon  General,  U.S.A., 

Washington,  D.  C.  (24).     1880. 
Stockwcll,  John  N.,  679  Case  Avenue,  Cleveland,  Ohio  (18).     1875. 
Stone,  Mrs.  Leauder,  3352  Indiana  Avenue,  Chicago,  111.  (22).     1874. 
Stone,  Ormond,  Director  Cincinnati  Observatory,  Univ.  of  Cincinnati, 

Mt.  Lookout,  Ohio  (24).     1876. 
Storrs,  Henry  E.,  Jacksonville,  111,  (20).     1874. 
Stuart,  Prof.  A.  P.  S.,  Lincoln,  Nebraska  (21).     1874. 
Stubbs,  Prof  William  C,  Alabama  Agricultural  and  Mechanical  College, 

Auburn,  Lee  Co.,  Ala.  (25).     1877. 
Swallow,  Prof.  G.  C,  Columbia,  Mo.  (10).     1875. 

Tappan,  Prof.  Eli  T.,  Kenyon  College,  Gambler,  Ohio  (20).     1874. 
Terry,  Prof.  N.  M.,  U.  S.  Naval  Academy,  Annapolis,  Md.  (23).     1874. 
Thompson,  A.  Remsen,  50  West  51st  Street,  New  York,  N.  Y.  (1).     1874. 
Thurston,  Prof.  R.  H.,  Stevens  Institute,  Hobokeu,  N.  J.  (23).     1875. 
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Trembley,  J.  P.,  M.I>.,  Oakland,  Alameda  Co.,  Cal.  (17).     1880. 
Trowbridge,  Prof.   John,  Harvard  University,  Cambridge,  Mass.  (25). 

1876. 
Trowbridge,  Prof.  W.  P.,  New  Haven,  Conn.     (10).     1874. 
Tnttle,  Prof.  Albert  H.,  Columbus,  Ohio  (17).    1874. 

Uhler,  Philip  R.,  Baltimore,  Md.  (19).     1874. 
Upham,  Warren,  Nashua,  M.  h.  (25).    1880. 

Van  der  Weyde,  P.  H.,  M.  D.,  P.  O.  Box  8619,  New  York,  N.  Y.  (17).    1874. 
Van  Vleck,  Prof.  John  M.,  Mlddletown,  Conn.  (23).     1876. 
Vaux,  William  S.,  1702  Arch  St.,  Philadelphia,  Pa.  (1).     1875. 
Verrill,  Prof.  A.  E.,  Yale  College,  New  Haven,  Conn.  (16).     1876. 
Vose,  Prof.  Geo.  L.,  Bowdoin  College,  Brunswick,  Me.  (16).    1876. 

Wadsworth,  M.  Edward,  Ph.  D.,  Assistant  In  Lithology,  Museum  of  Com- 
parative Zoology,  Cambridge,  Mass.  (23).     1874. 
Walker,  Prof.  J.  B.,  164  Canal  St.,  New  Orleans,  La.  (19).     1874. 
Waller,  E.,  School  of  Mines,  Columbia  College,  New  York,  N.  Y.  (28). 

1874. 
Walling,  H.  F.,  U.  S.  Coast  &  Geodetic  Survey  Office,  Washington,  D.  C. 

(16).     1874. 
Ward,  Prof.  Henry  A.,  Rochester,  N.  Y.  (13).     1875. 
Ward,   Lester  P.,  U.   S.   Geological   Survey,  Washington,  D.  C.    (26). 

1879. 
Ward,  Dr.  R.  H.,  53  Fourth  St.,  Troy,  N.  Y.  (17).     1874. 
Warnrr,  James  D.,  199  Baltic  St.,  Brooklyn,  N.  Y.  (18).     1874. 
Warren,  Gen.  G.  K.,  U.S.A.,  Engineer's  Office,  Newport,  R.  I.  (12).    1876. 
Warren,  Prof.  S.  Edward,  Newton,  Mass.  (17).     1875. 
Watson,  Sereno,  Botanic  Gardens,  Cambridge,  Mass.  (22).     1875. 
Wead,  Prof.  Charles  K.,  Univ.  of  Michigan,  Ann  Arbor,  Mich.  (23).  1880. 
Webster,  Prof.  N.  B.,  Principal  Webster  Inst.,  Norfolk,  Va.  (7).     1874. 
Wells,  Daniel  H.,  Hartford,  Conn.  (18).     1876. 
Westcott,  O.  8.,  Kacine,  Wis.  (21).  1874. 

Wetherby,  Albert  G.,  Univ.  of  Cincinnati,  Cincinnati,  Ohio  (26).  1^1877. 
Wheatland,  Dr.  Henry,  President  Essex  Inst.,  Salem,  Mass.  (1).  1874. 
Wheeler,  Capt.  Geo.  M.,  U.  S.  E.,  Lock  Box  93,  Washington,  D.  C.  (26). 

1879. 
Wheildon,  W.  W.,  Concord,  Mass.  (13).     1874. 
White,  Prof.  C.  A.,  Le  Droit  Park,  Washington,  D.  C.  (17).     1875. 
Whitfield,   R.   P.,   Am.   Mus.  Nat.   Hist.,  77th  St.  &  8th  Avenue,  N.  Y. 

(18).     1874. 
Whitman,  Chas.  O.,  care  G.  F.  Leonard,  Newton  Highlands,  Mass.  (27). 

1880. 
Whitney,  Solon  P.,  Watertown,  Mass.  (20).     1874. 
Whittlesey,  Col.  Charles,  Histoiical  Rooms,  Cleveland,  Ohio  (1).     1875. 
Wilber,  G.  M.,  Pine  Plains,  N.  Y.  (19).     1874. 
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Wilbur,  A.  B.,  Port  Jervls,  Orange  Co.,  N.  Y.  (23).    1874. 

Wilder,  Prof.  Burt  G.,  CorneU  University,  Ithaca,  N.  Y.  (22).     1876. 

Wiley,  Prof.  Harvey  W.,  Purdue  Univ.,  Lafayette,  Ind.  (21).    1874. 

Williams,  Charles  H.,  M.D.,  15  Arlington  St.,  Boston,  Mass.  (22).    1874. 

Williams,  Prof.  Henry  W.,  15  Arlington  St.,  Boston,  Mass.  (11).    1874. 

Wilson,  Prof.  Daniel,  117  Bloor  St.,  Toronto,  Canada  (26).     1876. 

Wlnchell,  Prof.  Alex.,  Ann  Arbor,  Mich.  (8).     1876. 

W  InchcU,  Prof.  N.  H.,  Univ.  of  Minnesota,  Minneapolis,  Minn.  (19).  1874. 

Witter,  F.  M.,  Muscatine,  Iowa  (21).     1876. 

Wormley,  T.  G.,  Univ.  of  Pennsylvania,  Philadelphia,  Pa.  (20).     1878. 

Worthen,  A.  H.,  Springfield,  111.  (5).     1874. 

Wright,  Prof.  Albert  A.,  Oberlln  College,  Oberlln,  Ohio  (24).    1880. 

Wright,  Prof  Arthur  W.,  Yale  College,  New  Haven,  Conn.  (14).     1874. 

Wiirtele,  Rev.  Louis  C,  Acton  Vale,  Province  of  Quebec,  Can .  (11).    1876 

Wyckoff,  Wm.  C,  44  Howard  St.,  New  York,  N.  Y.  (20).     1874. 

Wylle,  Prof.  Theoph.  A.,  Indiana  Univ.,  Bloomington,  Ind.  (20).    1874. 

Yarrow,  Dr.  H.  C,  care  Army  Med.  Mus.,  Washington,  D.  C.  (23).    1874. 
Youmans,  Prof.  Edward  L.,  New  York,  N.  Y.  (6).    1874. 
Young,  C.  A.,  Prof,  of  Astronomy,  College  of  New  Jersey,  Princeton, 
New  Jersey  (18).     1874. 

[406  Fellows.] 

Total  number  of  Memdebs  or  the  jlssociatiox,  1555. 
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[Inftnrniitioii  respeetiiifr  omissions  In  this  list,  and  the  date  of  birth  and  of  docette 
oi  any  of  tbe  former  members,  is  reqaested  bj  the  Fermanent  Secretary.] 

Abbe,  George  W.,  New  York,  N.  Y.  (28).    Died  Sept.  25,  1879. 

Abert,  J.  J.,  Washington,  D.  C.  (1).    Born  in  1785.    Died  Jannary  27, 

1863. 
Adams,  C.  B.,  Amherst,  Mass.  (1).    Bom  January  11,  1814.    Died  Jan'y 

19,  1853. 
Adams,  Edwin  F.,  Charlestown,  Mass.  (18). 
Adams,  Samnel,  Jacksonville,  III.  (18).    Bom  Dec.  19,  1806.    Died  April 

29,  1877. 
Agassiz,  Lonis,  Cambridge,  Mass.  (1).    Bom  May  28,  1807.    Died  Dec. 

14,  1878. 
Aiosworth,  J.  G.,  Barry,  Mass.  (14). 
Allston,  R.  F.  W.,  Georgetown,  S.  C.  (8).    Bora  April  21,  1801.    Died 

April  7,  1864. 
Andrews,  E.  B.,  Lancaster,  Ohio  (7). 
Anthony,  Charles  H.,  Albany,  N.  Y.  (6).    Died  in  1874. 
Araes,  N.  P.,  Springfield,  Mass.  (1).     Born  in  1803.    Died  April  28,  1847. 
Appleton,  Nathan,  Boston,  Mass.  (1).    Born  Oct.  6,  1779.    Died  July  14, 

1861. 
Armstrong,  John  W.,  Fredonia,  N.  Y.  (24). 
Atwater,  Mrs.  S.  T.,  Chicago,  111.  (17).     Born  Ang.  8, 1812.    Died  April  11, 

1878. 

Bache,  Alexander  D.,  Washington,  D.  C.  (1).    Bom  Jnly  19,  1806.    Died 

Feb.  17,  1867. 
Bache,  Franklin,  Philadelphia,  Pa.  (1).    Bom  Oct.  25, 1792.    Died  March 

19,  1864. 
Bailey,  Jacob  W.,  West  Point,  N.  Y.  (1).    Born  April  29,  1811.    Died 

Feb.  26,  1857. 
Bard  well,  F.  W.,  Lawrence,  Kan.  (18.)    Died  in  1878. 
Barrett,  Moses,  Milwaukee,  Wis.  (21).    Died  in  1873. 
Beck,  C.  F.,  Philadelphia,  Pa.  (1). 
Beck,  Lewis  C,  New  Brunswick,  N.  J.  (1).    Bora  Oct.  4,  1798.    Died 

AprU  21,  1853. 
Beck,  T.  Romeyn,  Albany,  N.  Y.  (1).    Bora  Aug.  11,  1791.    Died  Nov.  19, 

1855. 
Belt,  Thomas,  London,  Eng.  (27).    Died  Sept  8,  1878. 
Benedict,  G.  W.,  Burlington,  Vt.  (16). 

(Ixvll) 
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BIcknell,  Edwin,  Boston,  Mass.  (18).    Born  in  1830.    Died  March  19, 1877. 
Blnney,  Amos,  Boston,  Mass.  (1).     Born  Oct.  18,  1803.     Died  Feb.  18, 

1847. 
Blnney,  John,  Boston,  Mass.  (3). 
Blake,  Homer  C,  New  York,  N.  Y.  (28).    Born  Feb.  1,  1822. 

Blanding,  VViiliara, ,  R.  I.  (1). 

Blatcliford,  Thomas  W.,  Troy,  N.  Y.  (6). 

Blatchley,  Miss  S.  L.,  New  Haven,  Conn.  (19). 

Boadle,  John,  Haddonfleld,  N.  J.  (20).    Born  in  1805.    Died  in  Jaly,  1878. 

Bomford,  George,  Washington,  D.  C.  (1).    Born  1780.     Died  March  25, 

1848. 
Bowron,  James,  Sooth  Pittsburg,  Tenn.  (26).    Died  in  Dec,  1877. 
Bradley,  Leverette,  Jersey  City,  N.  J.  (15).     Died  in  1875. 
Braithwalte,  Jos.,  Cliambly,  C.  W.  (11). 
Brigham,  Cliarles  H.,  Ann  Arbor,  Mich.  (17).    Born  July  27,  1820.    Died 

in  Jan.,  1879. 
Brown,  Andrew,  Natchez,  Miss.  (1). 
Burnap,  6.  W.,  Baltimore,  Md.  (12).    Born  Nor.  20,  1802.    Died  Sept.  8, 

1859. 
Burnett,  Waldo  I.,  Boston,  Mass.  (1). 
Butler,  Thomas  B.,  Norwalk,  Conn.  (10). 

Cairns,  F.  A.,  New  Y'ork,  N.  Y.  (27).     Died  in  1879. 

Carpenter,  Thornton,  Camden,  S.  C.  (7). 

Carpenter,  William  M.,  New  Orleans,  La.  (1). 

Case,  Leonard,  Cleveland,  Oliio  (15).    Born  1820.    Died  1880. 

Case,  William,  Cleveland,  Oiiio  (6). 

Caswell,  Alexis,  Providence,  K.  I.  (2).    Born  Jan.  29,  1799.    Died  Jan.  8, 

1877. 
Chapman,  N.,  Philadelphia,  Pa.  (1).    Born  May  28,  1780.    Died  July  1, 

1853. 
Chase,  S.,  Dartmouth,  N.  H.  (2). 
Chauvenet,  William,  St.  Louis,  Mo.  (1).     Born  May  24,  1819.     Died  Dec. 

13,  1870. 
Clapp,  Asahel,  New  Albany,  lud.  (1).    Born  Oct.  5,  1792.    Died  Dec.  15, 

1862. 
Clark,  H.  J.,  Cambridge,  Mass.  (13). 
Clark,  Joseph,  Cincinnati,  Ohio  (5). 
Clarke,  A.  B.,  Holyoke,  Mass.  (13). 
Cleaveland,  C.  H.,  Cincinnati,  Ohio  (9). 
Cleveland,  A.  B.,  Cambridge,  Mass.  (2). 

Coffin,  James  H.,  Easton,  Pa.  (1).   Born  Sept.  6,  1806.   Died  Feb.  6,  1873. 
Cole,  Thomas,  Salem,  Mass.  (1).    Born  Dec.  24,  1779.    Died  June  24,  1852. 
Coleman.  Henry,  Boston,  Mass.  (1). 
Conrad,  Timothy  Abbott,  Philadelphia,  Pu.  (1).     Born  In  August,  1803. 

Died  August  9,  1877. 
Cooke,  Caleb,  Salem,  Mass.  (18).    Born  Feb.  5,  1838.    Died  June  5,  1880. 
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Cooper,  William,  Hoboken,  N.  J.  (9).    Died  in  1864. 

Coming,  Erastus,  Albany,  N.  Y.  (6).    Born  Dec.  14,  1794.    Died  April  9, 

1872. 
Coaper,  J.  Hamilton,  Daricn,  Ga.  (1). 
Crosby,  AlpheuH,  Salem,  Mass.  (10).    Born  Oct.  18,  1810.    Died  Apr.  17, 

1874. 
Crosby,  Thomas  R.,  Hanover,  N.  H.  (18). 
Croswell,  Edwin,  Albany,  N.  Y.  (6).    Bom  May,  1797.    Died  Jane  13, 

1871. 
Carry,  W.  F.,  Geneva,  N.  Y.  (11).  • 

Dayton,  Edwin  A.,  Madrid,  N.  Y.  (7).    Born  in  1827.    Died  Jane  24,  1873. 

Dean,  Amos,  Albany,  N.  Y.  (6).     Bom  Jan.  16,  1808.     Died  Jan.  26,  1868. 

Dearborn,  George  H.  A.  8.,  lioxbury,  Mass.  (1). 

Delcay,  James  E.,  New  Yoric,  N.  Y.  (1).    Bom  1792.    Died  Nov.  21,  1861. 

DeLaslci,  John,  Carver's  Harbor,  Me.  (18). 

Dewey,  Chester,  Rochester,  N.  Y.  (1).   Born  Oct.  25, 1781.   Died  Dec.  15, 

1867. 
Dexter,  G.  M.,  Boston,  Mass.  (11). 
Dillingham,  W.  A.  P.,  Augasta,  Me.  (17). 

Dog^ett,  Wm.  E.,  Chicago,  111.  (17).     Bom  Nov.  20,  1820.     Died  in  1876. 
Doolittle,  L.,  Lenoxville,  C.  E.  (11).    Died  in  1862. 
Dorr,  E.  P..  Buffalo,  N.  Y.  (26).     Died  March  28,  1881. 
Ducatel,  J.  T.,  Baltimore,  Md.  (1). 
Doffleld,  George,  Detroit,  Mich.  (10).    Bom  July  4,  1794.    Died  Jane  26, 

1869. 
Domont,  A.  H.,  Newport,  R.  I.  (14). 
Dancan,  Lucius  C,  New  Orleans,  La.  (10). 
Dann,  R.  P.,  Providence,  R.  I.  (14). 

Easton,  Norman,  Fall  River,  Mass.  (14). 

Elton,  James  H.,  Bcloit,  Wis.  (17).     Died  Jan.  5,  1877. 

Ely,  Charles  Arthur,  Elyria,  Ohio  (4). 

EiLerson,  Geo.  B.,  Boston.  Muss.  (1). 

Emmons,  Ebenezer,  Williamstown,  Mass.  (1).    Bom  May  16,  1799.    Died 

October  1,  1868. 
Eagstrom,  A.  B.,  Barllngton,  N.  J.  (1). 
Everett,  Edward,  Boston,  Mass.  (2).    Born  April  11, 1794.    Died  Jan.  16, 

1865. 
Ewing,  Thomas,  Lancaster,  Ohio  (6).    Born  Dec.  28,  1789.    Died  Oct.  26, 

1871. 


YUies,  R.  J.,  Wanwatosa,  Wis.  (21).    Died  May  31,  1878. 
'erris,  Isaac,  New  York,  N.  Y.  (6).     Bom  Oct.  9,  1798.    Died  Jane  16, 
1878. 
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Fenchtwanger,  Lewis,  New  York,  N.  Y.  (11).    Died  In  1876. 

Fillmore,  Millard,  Buffalo,  N.  Y.  (7).    Born  Jan.  7,  1800.    Died  March  8, 

1874. 
Fisher,  Mark,  Trenton,  N.  J.  (10). 
Fitch,  Alexander,  Hartford,  Conn.  (1). 
Forbush,  E.  B.,  Buffalo,  N.  Y.  (15). 
Force,  Peter,  Washington,  D.  C.  (4).    Born  Nov.  26,  1790.    Died  Jan.  23, 

1868. 
Ford,  A.  C  ,  Nashville,  Tenn.  (26). 

Foster,  J.  W.,  Chicago,  111.  (1).     Born  In  1816.    Died  June  29,  1873. 
Foucon,  Felix,  Madison,  Wis.  (18). 
Fowle,  Wm.  B.,  Boston,  Mass.   (1).     Born  Oct.  17,  1795.    Died  Feb.  6, 

1866. 
Fox,  Charles,  Grosse  He,  Mich.  (7). 
Frazer,  John  F.,  Philadelphia,  Pa.  (1). 
French,  J.  W.,  West  Point,  N.  Y.  (11). 

Gavit,  John  E.,  New  York,  N.  Y.  (1). 

Gay,  Martin,  Boston,  Mass.  (I). 

Gibbon,  J.  H.,  Charlotte,  N.  C.  (3). 

Gillespie,  W.  M  ,  Schenectady,  N.  Y.  (10.)    Born  in  1816.     Died  Jan'y  1, 

1868. 
Gilmor,  Robert,  Baltimore,  Md.  (1). 
Gould,  Augustus  A.,  Boston,  Mass.  (11).     Born  April  23,  1805.     Died 

Sept.  15,  1866. 
Gould,  B.  A.,  Boston,  Mass.  (2).   Born  June  15,  1787.    Died  Oct.  24, 1859. 
Graham,  James  D.,  Washington,  D.  C.  (1).     Born  in  1799.   Died  Dec.  28, 

1865. 
Gray,  Alonzo,  Brooklyn,  N.  Y.  (13).     Born  in  1808.  Died  March  10,  1860. 
Gray,  James  H.,  Springfield,  Mass.  (6). 
Greene,  Benjamin  1)  ,  Boston,  Mass.  (1). 
Greene,  Everett  W.,  Madison,  N.  J.  (10).     Died  in  1864. 
Greene,  Samuel,  Woonsocket,  R.  I.  (9).     Died  in  1868. 
Greer,  James,  Dayton,  Oliio  (20). 
Griffith,  Robert  E.,  Philadelphia,  Pa.  (1). 

Grlswold,  John  A.,  Troy,  N.  Y.  (19).    Born  In  1822.    Died  Oct.  31,  1872. 
Guest,  William  E.,  Ogdensburg,  N.  Y.  (6). 

Hackley,  Charles  W.,  New  York,  N.  Y.  (4).    Born  March  9,  1809.    Died 

January  10,  1861. 
Ha.iley,  George,  Buffalo,  N.  Y   (6).    Born  June,  1813.   Died  Oct.  16,  1877. 
Haldeman,  S.  S.,  Chickles,  Pa.  (1).     Died  Sept.  10,   1880. 
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ADDRESS 

OF 

Professor  GEORGE  F.  BARKER, 

THE  RETIRING  PRESIDENT  OP  THE  ASSOCIATION. 


SOME  MODERN  ASPECTS  OF  THE  LIFE-QUESTIOX, 


TUE  NUMBER  OF  ROOTS  IS  OCR  EQUATION  OP  UFE  INCREASES  THE  DIFFICULTY 
OP  80LVIXG  IT,  BUT  BY  NO  MEANS  PERMITS  THE  ACCEPTANCE  OF  THE  LAZY  AS- 
SCXPTION  THAT  IT  IS  ALTOOETUER  INSOLUBLE  OR  REDUCES  A  SAGACIOUS  GUESS  TO 
THELE^-EL  OF  THE  PROPHECY  OF  A  QV XCK.  ^  Ilaughtoil. 


Ladies  and   Gentlemen  op  the    American    Association    for 
THE  Advancement  of  Science  : — 

The  discovery  of  new  truth  is  the  grand  object  of  scientific 
^ork.  The  exultation  of  feeling  which  comes  from  the  possession 
of  a  fact,  which,  now,  for  the  first  time,  he  makes  known  to  men, 
must  ever  be  the  reward  of  the  scientific  worker.  As  investigators 
and  as  students  of  science  we  are  met  here  to-day  at  this  our 
Mnual  session.  Each  of  us  during  the  past  year  has  been  en- 
deavoring to  push  outward  further  into  the  unknown,  the  boundary 
of  present  knowledge.  When,  therefore,  we  thus  meet  together 
^'  is  fitting  that,  from  time  to  time,  our  attention  should  be 
called  to  the  progress  which  has  been  made  along  some  one  of  the 
Various  lines  of  research,  and  to  the  milestones  which  mark  the 
^pocLs  of  advance  along  the  way  which  science  has  travelled. 
Moreover,  we  may  profitably  sum  up  at  such  times  the  work 
<Jone  in  particular  directions,  and  encourage  ourselves  with  pro- 
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spcctive  and  retrospective  glances.  In  these  snmniings  up,  how- 
ever, a  dilUculty  arises.  The  range  of  modern  scientific  thought 
inckides  an  immense  area.  The  field  of  knowledge  is  already  so 
vast,  that,  seen  from  the  vertical  distance  necessary  to  make  a 
wide  sui'vc}',  that  small  portion  of  it  which  is  familiar  to  any  one 
individual  is  scarcely  visible.  In  consequence,  to  use  a  mechanical 
figure,  the  solid  contents  of  a  man's  acquirements  being  given, 
the  depth  thereof  is  inversely  as  the  area  covered.  He,  therefore, 
who  undertakes  to  speak  even  for  one  single  department  of  sci- 
ence distributes  his  stock  of  knowledge  over  so  broad  a  surface 
that  in  places  it  must  become  dangerously  thin.  It  is,  therefore, 
with  a  very  keen  sense  of  the  temerity  involved  in  the  undertaking, 
that  I  ask  your  attention  during  the  hour  allotted  me,  to  some 
points  which  appear  to  me  to  have  been  recently  gained  in  the 
discussion  of  the  question  of  life. 

My  friend  and  predecessor,  Professor  Marsh,  opened  his  excel- 
lent address  at  Saratoga  with  the  question  "What  is  Life?"  In  a 
somewhat  different  sense  I  too  ask  the  same  question.  But  I  fear 
it  is  only  to  echo  his  reply,  "  the  answer  is  not  yet."  The  result, 
however,  cannot  long  be  doubtful.  "A  thousand  earnest  seekers 
after  truth  seem  to  be  slowly  approaching  a  solution."  And  though 
the  ignis  fatuus  of  life  still  dances  over  the  bogs  of  our  misty 
knowledge,  jet  its  true  character  cannot  finally  elude  our  inves- 
tigation. The  progress  already  made  has  hemmed  it  in  on  every 
side  ;  and  the  province  within  which  exclusively  vital  acts  are  now 
performed,  narrows  with  each  jear  of  scientific  research. 

What  now  are  we  to  understand  bv  the  word  "Life"  in  this 
discussion?  A  noteworthy  parallel  is  disclosed  in  the  progress  of 
human  knowledge  between  the  ideas  of  life  and  of  force. ^  Both 
conceptions  have  advanced,  though  not  with  equal  rapid  it}',  from 
a  stage  of  complete  separability  from  matter  to  one  of  complete 
inseparability.  Life  is  now  universally  regarded  as  a  phenomenon 
of  matter,  and  hence  of  course,  as  having  no  separate  existence. 
But  there  still  exists  a  certain  vagueness  in  the  meaning  of  the  term 
"life."  Two  distinct  senses  of  this  word  are  in  use;  the  one 
metaphysical,  the  other  physiological.  The  former,  sj^nonymous 
with  mind  and  soul,  at  least  in  the  higher  animals,  has  been 
evolved  from  human  consciousness  ;  the  latter  has  arisen  from  a 
more  or  less  careful  investigation  of  the  phenomena  of  living 
beings.     It  need  scarcely  be  said  that  it  is  in  the  sense  last  men- 
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tioned  that  the  word  "life"  is  used  in  science.^    The  conception 

represents  simply  the  sum  of  the  phenomena  exhibited  by  a  living 

being. 
Moreover,  the  progress  which  has  been  made  in  the  solution  of 

tbe  life-question  has  been  gained  chiefly  by  investigation  of  special 

functions.     But  the  functions  of  a  vital  organism  are  themselves 

vital.    What  then   is  the  meaning  of  "vital"   as  applied   to  a 

fimction?    Fortunately  the  answer  is  not  difficult.     "Life,"  says 

Kuss,  the  distinguished   Strasbourg  physiologist,   "is   all   that 

cannot  be  explained  by  chemistry  or  physics."  ^    Guided  by  such  a 

definition  the  work  of  the  phj^siological  investigator  is   simple. 

He  bos  only  to  test  each  separate  operation  which  he  finds  going 

on  in  tbe  organism  and   to  declare  whether  it  be  chemical  or 

physical.    If  it  be  either,  then  since  each  function  is  non-vital, 

the  entire  organism  must  be  non-vital  also.     Hundreds  of  able 

investigators,  provided  with    the    most    effective  appliances  of 

research,  arc  now  in  full  cry  after  the  life  principle.     Naturall}',  a 

vast  amount  of  collateral  knowledge  is  accumulated  in  the  process. 

The  quantitative  as  well  as  the  qualitative  relations  of  things  are 

fi^^  and  many  important  facts  are  collected. 

^itb  the  object  in  view  thus  clearly  defined,  we  are  not  sur- 
prised that  great  progress  has  been  made.  A  vital  process,  like 
the  catalytic  ones  of  the  older  chemistry,  was  found  by  such 
research  to  be  simply  a  process  which,  for  want  of  suflScient  in- 
vestigation, is  not  yet  understood.*  While  therefore,  undoubtedly, 
n^uch  work  yet  remains  to  be  done  in  the  realm  still  called  vital, 
^®  prophetic  vision  is  already  bright  which  will  witness  the  last 
traces  of  inexplicable  phenomena  vanish  and  the  words  expressing 
^na  relegated  to  the  limbo  of  the  obsolete. 

^  a  first  result  of  recent  work,  the  living  organism  has  been 
brought  absolutely  within  the  action  of  the  law  of  the  Conserva- 
^oiio(  Energy.  Whether  it  be  plant  or  animal,  the  whole  of  its 
*^gy  must  come  from  without  itself,  being  either  absorbed  di- 
'^^Jy  or  stored  up  in  the  food.^  An  animal  like  a  machine,  only 
^'"^^fonns  its  energy.  Lavoisier's  guinea-pig  placed  in  the  cal- 
^^eter  gave  as  accurate  a  heat-return  for  the  energy  it  had 
•hBorbed  in  its  food,  as  any  thermic  engine  would  have  done.^  But 
***  parallel  goes  further.  The  mechanical  work  of  an  engine  is 
"***wired  by  the  loss  of  its  heat  and  not  of  its  substance.  So 
^  Qiechanical  or  intellectual  work  of  a  living  being  is  measured 
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by  the  amount  of  carbon  rather  than  the  amount  of  nitrogen  which 
is  excreted  J  The  energy  evolved  daily  by  the  human  body  would 
raise  it  to  a  height  of  about  six  miles.® 

But  beside  heat,  work  may  be  the  outcome  of  the  organism; 
and  this  through  the  agency  of  the  muscles.  Their  absolute 
obedience  to  mechanical  law  in  their  mode  of  action  has  been  ad- 
mirably established  b}'^  Haughton.^  The  work  a  muscle  does,  it 
does  in  contracting.  It  is  to  the  mechanism  of  muscle-contraction 
that  we  are  indebted  for  another  illustration  of  our  subject. 

When  work  is  done  by  a  muscle  in  contracting,  three  changes 
are  observed  to  take  place  normally  in  its  tissue.  First,  there  is  a 
loss  of  its  electric  tension ;  second,  there  is  an  evolution  of  heat 
in  it ;  and  third,  carbon  dioxide  appears  there,  and  its  reaction, 
before  neutral,  becomes  acid.^® 

Matteucci  was  the  first  to  observe  and  to  call  attention  to  the 
remarkable  similarity  in  structure  and  in  the  mechanism  of  opera- 
tion, between  striated  muscular  fibre  and  the  electric  organ  of 
certain  fishes.^ ^  Recently,  Marey  has  repeated  and  extended  his 
observations.'^  In  structure,  the  electric  organ  is  made  up,  like 
the  muscle,  of  columnar  masses  each  separable  transversely  into 
vesicular  sections.  In  a  torpedo  weighing  seventy-three  pounds, 
there  were  1182  of  these  columns  in  each  of  the  two  organs,  with 
150  sections,  on  an  average,  in  each  column. ^^  j^  the  muscles 
which  bend  the  fore-arm,  there  are  798,000  fibrillte.^'*  As  to  the 
mechanism,  alike  in  muscle  and  in  electric  organ,  an  electric 
current  stimulates  action  on  opening  and  on  closing  the  circuit, 
but  not  when  it  is  flowing ;  the  same  phenomena  take  place  in 
both  with  the  direct  and  with  the  inverse  current;  both  are  reflex; 
stimulation  of  the  electric  nerve  produces  discharge,  as  that  of  the 
motor  nerve  causes  muscular  shock ;  an  entire  paralysis  follows 
nerve-section  ;  curare  paralyzes  both  ;  and  tetanus  results  in  both 
from  rai)id  currents  or  from  str^'chnine.'^ 

Still  more  striking  analogies  are  furnished  by  the  investigation 
of  the  susurrus  or  muscular  sound,  first  noticed  in  1809  by  Wol- 
laston.''^  This  sound  is  produced  by  all  muscles  when  in  the  state 
of  contraction,  the  pitch  of  the  note  being  not  far  from  thirty 
vibrations  per  second.  It  is  evidently  only  the  intermittent  con- 
traction of  the  muscular  fibre.  A  single  excitation  produces  a 
muscular  shock.  As  this  production  requires  from  eight  to  ten 
hundredths  of  a  second,  it  is  evident  that  if  another  stimulus  be 
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applied  before  the  first  has  disappeared  the  two  will  coalesce  ;  and 
when  twenty  per  second  reach  the  muscle  it  becomes  permanently 
contracted  or  tetanized.^^    By  means  of  a  very  sensitive  myograph, 
Marey  has  found  that  in  voluntary  contraction  the  motor  nerves 
are  the  seats  of  successive  acts,  each  of  which  produces  an  cxci- 
Ulion  of  the  muscle.     In  1877,   Marey  examined   similarly  the 
discharge  of  the  torpedo  and  found  a  most  complete  correspondence 
between  it  and  muscular  contraction. ^^     Since  electric  tension  dis- 
appears from  a  muscle  during  contraction,  does  not  tlie  analog}'- 
saggest  strongly  that,  like  the  discharge  of  the  electric  organ  of 
the  torpedo,  muscular  contraction  is  anelectrical  phenomenon  P^^ 
Granting  electric  discharge  to  be  a  necessary  concomitant  of 
muscle-contraction,  what  is  the  ongin  of  this  electricit}' ?     That  it 
is  not  carried  to  the  muscle  by  the  nerves  follows  from  tlie  fact 
that  a  muscle  will  still  contract  when  deprived  of  all  its  nerve- 
fibres,  or  when  these  are  paralyzed  by  curare.^®     It  must  therefore 
be  generated  within  the  muscle  itself.^^     To  reach  a  solution  of 
the  problem  we  must  obviously  follow  the  analogies  of  its  produc- 
tion elsewhere. 

Perhaps  no  single  question  in  physics  has  been  more  keenly 
discussed  than  this  one  of  the  origin  of  electric  charge.  The 
memorable  conflict  between  Galvani  and  Volta,  between  animal 
electricity  and  the  electricity  of  metallic  contact,  succeeded  by 
the  even  more  triumphant  overthrow  of  the  latter  and  the  es- 
tablishment ultimately  by  Faraday,  of  the  electro-chemical  theory  ; 
these  are  facts  fresh  in  all  our  memories.  The  justice  of  time 
however  in  this  case,  if  it  has  been  tardv,  has  been  none  the  less 
wre.  The  experiments  of  Thomson  have  vindicated  Volta  and 
established  the  contact  theory  as  a  vera  causa.  And  more  cu- 
riously still,  it  now  appears  to  be  proved  that  both  contact  and 
chemical  action  underlie  the  production  of  that  very  animal  elec- 
tricity so  stoutly  battled  for  by  Galvani  and  his  associates. 

Volta's  experiments  to  prove  that  a  difference  of  potential  is 
develope<l  by  the  contact  of  two  heterogeneous  metals  were  not 
cracial.  But  Thomson,  repeating  them  with  the  aid  of  more  deli- 
cate apparatus,  has  shown  that  wlienever  copper  and  zinc  are 
broQght  in  contact,  the  copi)er  becomes  negative  to  the  zinc.  In 
proof  that  the  chemical  action  of  atmospheric  moisture  was  not 
the  cause  of  the  phenomenon,  he  showed  that  when  :i  dro])  of 
water  served  to  connect  the  copper  and  the  zinc,  no  charge  at  all 
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was  produced.22  The  fact  may  therefore  be  regarded  as  established, 
as  tlie  result  of  numerous  and  varied  experiments,  that  a  difference 
of  electrical  potential  is  always  developed  at  the  surfaces  of  contact 
of  heterogeneous  media.  Not  only  is  this  true  of  solids  in  contact 
with  solids,  but  also  of  solids  in  contact  with  liquids,  and  of  liquids 
in  contact  with  each  other .^  Of  course  the  production  of  electricity 
by  contact  must  result  from  a  loss  of  energy  elsewhere.  In  the 
opinion  of  Gumming,  it  is  the  loss  of  energy  which  is  owing  to  the 
uns3*mmetrical  swinging  of  the  molecules  on  the  two  sides  of  the 
surfaces  of  contact,  which  reappears  as  difference  of  potential  be- 
tween the  solids  or  as  the  energy  of  electrical  separation.** 

But  we  may  carry  the  sequence  yet  another  step  backward. 
The  energy  which  is  thus  lost  at  the  surfaces  of  separation  must 
be  heat,  and  this  junction  must  be  cooled  thereb}'.  Thus  the  pro- 
duction of  thermo-elcctricit}'  is  seen  only  to  be  a  special  ease  of  a 
general  law,  a  view  to  which  the  well-known  Peltier  effect  gives 
support.  In  this  phenomenon,  when  two  metals  are  joined  to- 
gether in  the  form  of  a  ring  and  one  junction  is  heated,  a  current 
is  produced  which  cools  the  other  junction.^  From  a  stndy  of 
these  conditions,  Thomson  has  concluded  that  the  absorption  of 
heat  in  a  thermo-electric  circuit  varies  for  different  metaYs  with 
the  direction  of  the  current.  Thus  in  iron,  the  current  from  hot 
to  cold  absorbs  heat,  while  in  copper  the  current  which  absorbs 
heat  is  from  cold  to  hot.^  In  entire  accordance  with  these 
results,  are  the  conclusions  recently  reached  by  Hoorweg.  When- 
ever two  conductors  come  into  contact,  motion  of  heat  resnlts  in 
the  development  of  electricity,  the  current  produced  existing  at 
the  cost  of  heat  at  one  part  of  the  point  of  contact,  and  evolving 
heat  at  the  other  for  a  result.  Hence  all  voltaic  cuiTcnts  are 
thermo-currents.2'' 

To  return  to  the  muscle,  it  must  now  be  apparent  that  the 
electrical  charge  which  appears  in  its  fibre  may  have  its  origin  in 
so  purely  a  physical  cause  as  the  contact  of  the  heterogeneous 
substances  of  which  the  tissue  is  built  up ;  the  maintenance  of 
this  charge  being  effected  b}'  chemical  changes  going  on  constantl}' 
in  the  substance  of  the  muscle,  bv  which  the  carbon  dioxide  is 
produced,  which  is  shown  to  be  a  measure  of  the  work  done."* 

Conceding  then,  that  a  muscular  contraction  is  conditioned 
upon  an  electric  discharge,  by  what  mechanism  is  the  contrac- 
tion effected?    Prevost  and   Dumas  sup[X)sed  each  |>articlc  of  a 
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mascular  fibril  to  be  magnetic.  Such  a  row  of  particles  would 
indeed  attract  each  other  when  magnetized  and  shorten  the  length 
of  the  whole  fibril.  But  the  force  of  contraction  would  increase 
as  the  length  diminished;  whereas  the  fact  in  the  case  of  the 
muscle  is  precisely  the  reverse.^^  Hence  Matteucci  supposed  that 
electrification  of  the  muscular  fibre  produces  a  repulsion  between 
its  elements,  the  subsequent  return  of  this  fibre,  in  virtue  of  its 
proper  elasticity ,^0  constituting  the  muscular  contraction.  Rad- 
clifie's  theory  is  of  more  recent  date  and  is  somewhat  analogous. 
He  maintains  that  each  fibre  of  the  muscle,  together  with  its 
sheath,  constitutes  a  condenser-  When  charged,  the  attraction  of 
the  two  electricities  compresses  the  fibre  laterally  and  thus  elon- 
gates it.  When  discharge  takes  place  the  normal  elasticity  of  the 
fibre  produces  the  contraction.*''^  Assuming,  however,  that  the 
electrical  phenomena  take  place  during  the  latent  period  only, 
other  theories  of  muscular  contraction  regard  these  phenomena 
as  simply  preparatory,  the  contraction  itself  being  mechanical. 
Thus  Marey  32  likens  the  muscular  fibre  to  a  string  of  India  rubber 
which,  when  stretched,  contracts  upon  warming  it;  thus  trans- 
forming heat  directly  into*  work.  Rouget  contends  that  the  mus- 
cular fibre  is  a  true  spiral  spring,  which,  actively  distended  during 
the  repose  of  the  muscle,  returns  upon  itself  at  the  moment  pf 
contraction ;  muscular  contractility  being  thus  a  purely  physical 
property  of  elasticity.  Engelmann,  observing  that  during  con- 
traction changes  take  place  in  the  doubly-refracting  power  of  the 
alternate  disks  of  the  fibril,  supposes  muscular  contraction  to 
result  from  a  passage  of  water  from  the  isotropic  layers  into  the 
anisotropic  or  doubly-refracting  ones  ;  thus  osmotically  increasing 
the  volume  of  the  latter.  By  thiii  means  the  ellipsoidal  doubly- 
refracting  particles  are  converted  into  spherical  ones ;  and  since 
the  longer  axes  of  the  ellipsoids  are  parallel  to  the  length  of  the 
fibre,  the  muscle  is  thereby  shortened. ^3 

From  this  brief  review,  does  it  not  seem  probable  that  the 
phenomenon  of  muscular  contraction  may  be  satisfactorily  ac- 
counted for  without  the  assumption  of  "vital  irritability,^  so  long 
invoked  F^**  May  it  not  be  conceded  that  the  theory  that  muscular 
force  has  a  purely  phj'sical  origin  is  at  least  as  probable  as  the 
vital  theory  ? 

Time  would  fail  me  to  discuss  the  many  other  phenomena  of 
the  living  body  which  have  been  found  on  investigation  to  be  non- 
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yltal.  Digestion,  whicli  Prout  said  it  was  impossible  to  believe 
was  chemical ,3^  is  now  known  to  take  place  without  the  body  as 
well  as  within  it,  and  to  result  from  non-vital  ferments.^^  Absorp- 
tion is  osmotic  and  its  selective  power  resides  in  the  structure  of 
the  membrane  and  the  diffusibility  of  the  solution.^^  Respiration 
is  a  purely  chemical  function.  Oxyhcemoglobin  is  formed  wher- 
ever hflemoglobin  and  oxygen  come  in  contact  and  the  carbon 
dioxide  of  the  serum  exchanges  with  the  oxygen  of  the  air  accord- 
ing to  the  law  of  gaseous  diffusion.^s  Circulation  is  the  result  of 
muscular  effort  both  in  the  heart  and  the  capillaries,  and  the  flow 
which  takes  place  is  a  simple  hj^draulic  operation. 39  Even  coagula- 
tion, so  tenaciously  regarded  as  a  vital  process,  has  been  shown 
to  be  purely  chemical.  Upon  the  hypothesis  of  Schmidt  it  results 
from  the  union  of  two  proteids,  fibrinogen  and  fibrinoplastic  sub- 
stance.'*^ According  to  the  later  theory  of  Hammarsten,  fibrin  is 
produced  from  fibrinogen  by  the  action  of  a  special  ferment.**^ 

There  is  another  function  which  should  by  no  means  be  omitted 
from  our  consideration.  This  function  is  that  of  the  nervous  system. 
In  structure,  this  sj^stem  is  well  known  to  us  all.  In  composition, 
it  is  made  up  essentially  of  a  single  substance,  discovered  by 
Liebreich  "^^  and  called  protagon,  the  specific  characters  of  which 
have  lately  been  confirmed  by  Gamgce.'*^  In  function,  the  nerve- 
cell  and  the  nerve  fibre  are  occupied  solely  in  the  production,  the 
reception  and  the  transmission  of  energ}^  which  is  believed  to  be 
electrical.  There  is  evidently  a  close  analogy  between  the  nerve 
and  the  muscle,  the  nerve-fibre  like  the  fibrilla  being  composed 
of  cells,  and  having  a  positive  electric  charge  upon  the  exterior 
surface  the  tension  of  which  is  one-tenth  of  a  volt.'*'*  Indeed  a 
piece  of  nerve  removed  from  the  body  exhibits  nearly  the  same 
electric  phenomena  as  a  piece  of  muscle.  Ilaughton  attributes 
tinnitus  aurium  to  the  vibration  of  nerve  cells.^^ 

The  main  objection  raised  to  the  electrical  character  of  nerve- 
energy  is  based  upon  its  slow  propagation.^^  Though  thirt3'-six 
3'ears  ago  Johannes  Miiller  predicted'*^  that  the  velocity  of  nerve 
transmission  never  could  be  measured,  yet  Helmholtz  accomplished 
the  feat  very  soon  afterward.^®  His  results,  like  those  of  subse- 
quent experimenters,  show  that  the  velocity  of  propagation  of  the 
nervous  influence  along  a  nerve,  like  that  of  electric  transmission, 
is  only  about  26  to  29  metres  in  a  second. "^^  But  it  should  be 
borne  in  mind,  as  Lovering  has  pointed  out,  that  electricity  has  no 
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velocity,  in  any  proper  sense.^  That  since  the  appearance  of  an 
electrical  disturbance  at  tlie  end  of  a  conductor  depends  upon  the 
production  of  a  charge,  the  time  of  this  appearance  will  be  a  joint 
function  of  the  electrostatic  capacity  of  the  conductor  and  of  its 
resistance.  Since  each  of  these  values  is  directly  proportional  to 
length,  it  follows  that  the  time  of  transmission  will  vary  as  the 
square  of  the  length  of  the  conductor.  While  therefore,  in  Wheat- 
stone's  experiment,  he  found  that  electricit}''  required  rather  more 
than  one-millionth  of  a  second  to  pass  through  one-quarter  of  a 
mile  of  wire,  it  does  not  follow  that  it  would  traverse  288,000 
miles  in  one  second,  as  he  assumed.  Indeed,  as  Lovering  has 
shown,  its  actual  velocity  would  be  only  2G8  miles  in  an  entire 
second.  Hence  the  marvellous  discrepancies  which  have  been 
observe<l  in  the  results  of  experiments  made  to  determine  the 
Telocity  of  electricity  on  long  wires  are  explained. ^^ 

In  the  nerve  itself,  therefore,  the  velocity  of  transmission  may 
be  supposed  to  be  the  less  as  its  resistance  is  greater.  Now, 
Weber  has  shown  that  animal  tissues  in  general  have  a  conduc- 
tivity only  one  fifty-millionth  of  that  of  copper.^*^  And  Rad- 
clilfe  found  that  a  single  inch  of  the  sciatic  nerve  of  a  frog 
measured  40,000  ohms ;  a  resistance  eight  times  that  of  the  entire 
Atlantic  cable.^  In  experimenting  to  confirm  the  above  law  of 
velocit}',  Gaugain  measured  the  time  of  transmission  of  the 
electric  current  through  a  cotton  thread  1.65  metres  long  and 
found  it  to  be  eleven  seconds.  Two  similar  threads  placed  con- 
secutivel}',  thus  forming  a  conductor  twice  as  long,  required  fort}'- 
four  seconds  for  the  passage  of  the  current ;  or  four  times  as  long. 
From  these  data  the  apparent  velocity  in  the  short  thread  is  at  the 
rate  of  only  0.15  metre  in  one  second ;  and  in  the  long  one  only 
about  half  this  rate,  of  course.^  The  real  velocity  in  both  cases 
ia  the  same,  0.5  metre  per  second.  Hence  the  fact  that  the  energy 
of  .nerve  moves  at  the  rate  of  only  28  metres  per  second  is  really 
DO  proof  that  it  is  not  electricit}'.*^ 

But  even  if  it  shall  appear  that  the  nervous  energy  is  not  elec- 
trical, the  argument  is  not  weakened,  since  on  no  theory  yet 
proposed  is  it  assumed  to  be  vital.  Du  Bois  Keymond,  while 
maintaining  that  ^4t  would  be  rash  entirely'  to  dismiss  the  notion 
of  electricity  being  concerned,  and  even  playing  an  important 
part,  in  the  internal  mechanism  of  the  nerves,"  yet,  assuming  its 
km  Telocity  to  be  fatal  to  its  electrical  character,  suggests  that 
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the  nervous  agent  ''  is  some  internal  motion,  perhaps  even  some 
chemical  change  of  the  substance  itself,  contained  in  the  nerve- 
tubes,  spreading  along  the  tubes  both  ways  from  any  point  where 
the  equilibrium  has  been  disturbed."  And  Spencer  has  advanced 
the  view  that  **  a  nervous  disturbance  travels  as  a  wave  of  molecular 
change  ; "  that  *^  a  nervous  discharge  is  a  wave  of  isomeric  trans- 
formation."^ 

The  higher  functions  of  the  nerve-cell,  those  connected  with 
mental  processes,  is  a  field  too  vast  to  be  entered  at  this  time. 
Tiie  double  telegraph  line  of  nerve,  motor  and  sensor  in  their 
etfect,  but,  as  is  now  conceded,^^  precisely  alike  in  function,  are 
tlie  avenues  of  ingress  and  egress.  In  the  acts  denominated  reflex, 
the  stimulus  reaches  the  spinal  cord  only  and  the  action  is  auto- 
matic and  unconscious.  Should  the  impression  ascend  higher  to 
the  sensory  ganglia,  the  action  is  now  conscious  though  none  the 
less  automatic.  Finally,  should  deliberation  be  required  before 
'acting,  the  message  is  sent  to  the  hemispheres  by  the  sensory 
ganglia  and  will  operates  to  produce  the  act.  Based  on  principles 
already  established  by  investigation,  a  true  psychology  is  coming 
into  being,  developed  by  Bain,  Maudsley,  Spencer  and  others.^ 
A  physiological  classification  of  mental  operations  is  being  formed 
which  uses  tlie  terms  of  metaphysical  psychology,  but  in  a  more 
clearly  defined  sense. ^^  Emotion,  in  this  new  science,  is  the  sen- 
sibility of  the  vesicular  neurin  to  ideas.  Memory,  the  registration 
of  stimuli  by  nutrition.  Reflection  is  the  reflex  action  of  the 
cells  in  their  relations  in  the  cerebral  ganglia.  Attention  is  the 
arrest  of  the  transformation  of  energy  for  a  moment.  Ratiocina- 
tion is  the  balancing  of  one  energy  against  another.  Will  is  the 
reaction  of  impressions  outward.     And  so  on  through  the  list. 

Among  the  physical  aspects  of  the  mind-question,  the  problem  of 
the  quantitative  changes  which  take  place  in  the  organism  is  a  very 
curious  and  interesting  one.  That  the  energy  of  the  brain  comes 
from  the  food  will  be  disputed  by  no  one  in  these  days.  Hence, 
the  brain  must  act  like  a  machine  and  transform  energy.  There  is 
then  a  purely  physiological  representation  of  mental  action,  con- 
cerned with  forces  which  are  known  and  measurable.  The  re- 
searches of  Lombard  long  ago  showed  the  concomitant  heat  of 
mental  action. ^^  Recent  researches  are  equally  interesting,  which 
show  that  mental  operations  are  not  instantaneous  but  require  a 
distinct  time  for  their  performance.     By  accurate  chronographic 


PRESIDENT   BARKER.  11 

measurement,  Hirsch  and  Dondcrs  have  shown  that  an  irritation  on 
the  head  is  answered  by  a  signal  with  the  hand  only  after  one-    , 
seventh  of  a  second  ;  that  a  sound  on  the  ear  is  indicated  bv  tlie  hand 
io  one-sixth  of  a  second  ;  and  that  when  light  irritates  the  eye,  one- 
fifth  of  a  second  elapses  before  the  hand  moves.**^     The  mechanism 
of  such  a  process  is  the  following :  ^^     Suppose  the  sound  "A"  is 
heard  by  the  ear.     After  a  latent  period  it  is  translated  to  some 
nerve  cells  and  hence  to  the  brain.     From  the  brain  it  goes  to 
other  cells,  ganglion  cells,  and  to  other  nerves,  and  then  to  the 
diflTereut  muscles  of  the  chest  and  larynx,  and  then  follows  the 
audible  response  "A."     Now  since  this  whole  process  requires 
only  one-sixth  of  a  second,  the  question  arises,  how  much  of  it  is 
psychical.    To  answer  it,  the  experiment  is  repeated  but  with  this 
difference,  that  the  particular  sound  to  be  used  is  unknc^vn  to  the 
experimenter.    Before  the  sound  can  be  repeated  by  him  therefore, 
a  distinct  act  of  discrimination  is  required,  and  the  time  taken  is 
longer.     Calling  the  time  in  the  first  experiment  a,  and  in  the 
second  6,  the  diflPerence  b — a  is  tlie  time  required  for  two  distinct 
actions :  one,  that  of  distinguishing  the  sound,  and  the  otlicr,  that 
of  willing  the  corresponding  movement.      If  now  it  be  agreed 
that  onl}'  the  sound  '*  A"  shall  be  responded  to  when  called,  these 
may  be  separated  since  no  other  sound  being  responded  to  the 
latter  action  is  eliminated.    If  tlie  time  now  required  be  called 
c,  the  difference  c — a  represents  the  time  required  for  forming  a 
Judgment,  and  c — b  the  time  required  for  a  volition.     In  making 
these   measurements.   Bonders   used   an  instrument  devised   by 
him,  called   a   uoemotachograph,  and   also   a  modification   of  it 
called  a  noemotachometer.^*^     By  these  instruments  different  points 
of  the  body  can  be  irritated,  different  sounds  can  be  produced, 
and  different  colors  or  letters  can  be  shown,  all  by  the  electric 
spark.     By  subtracting  the  simple  physiological   time   from  the 
time  given  in  any  experiment,  the  time  necessary  for  recognition 
may  be  obtained.     By  an  addition  to  the  apparatus,  a  second 
stimulus  may  be  made  to  follow  the  first,  either  on  the  same  or  on 
a  different  sense ;  thus  enabling  the  time  necessary  for  a  simple 
tbouglit  to   be   determined.      As   a   result   of  his   experiments, 
Donders  found  that  the  value  b — a  in  the  case  of  a  simple  di- 
lemma was  seventy-five  thousandths  of  a  second,  this  being  the 
time  required  for  recognition  and  subsequent  volition.     In  the 
same  way  c — a  has  been   shown  to  be  forty-thousandths  of  a 
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second,  being  the  time  required  for  simple  recognition ;  there  is 
left  thirty-five  thousandths  of  a  second  as  the  time  required  for 
volition.  Moreover,  by  independent  measurement  with  the  noe- 
motachometer,  exactly  the  same  time,  one  twenty-fifth  of  a  second, 
is  found  necessar}'  to  enable  a  judgment  to  be  formed  about  the 
priority  of  two  impulses  acting  on  the  same  sense.  If  they  act 
on  different  senses,  more  time  is  necessary-.  So  also  more  time  is 
required  to  recognize  a  letter  by  seeing  its  form  than  by  hearing 
its  sound.  A  man  of  middle  age  then,  thinking  not  so  very 
quickl}',  requires  one  twent3'-rifth  of  a  second  for  a  simple  thought. 
Another  important  fact  concerning  nervous  action  is  that  its 
amount  ma}^  be  measured  by  the  quantity  of  blood  consumed  in 
its  performance.  Dr.  Mosso  of  Turin  has  devised  an  apparatus 
called  the  Plethysmograph  —  drawings  of  which  were  exhibited 
at  the  London  Apparatus  Exhibition  of  187G  —  designed  for  meas- 
uring the  volume  of  an  organ.^'*  The  fore-arm,  for  example,  being 
the  organ  to  be  experimented  on,  is  placed  in  a  cj'linder  of  water 
and  tiglitl}'  enclosed.  A  rubber  tube  connects  the  interior  of  the 
cylinder  with  the  recording  apparatus.  With  the  electric  circuit 
by  which  tiie  stimulus  was  applied  to  produce  contraction,  were 
two  keys,  one  of  which  was  a  dummy.  It  was  noticed  that,  after 
using  the  active  key  several  times,  producing  varj-ing  current 
strengths,  the  curve  sank  as  before  on  pressing  down  the  inactive 
key.  Since  no  real  effect  was  produced,  tlie  result  was  caused 
solely  by  the  imagination,  blood  passing  from  the  body  to  the 
brain  in  the  act.  To  test  furtiier  the  effect  of  mental  action,  Dr. 
Pagliani,  whose  arm  was  in  the  apparatus,  was  requested  to  multi- 
ply 2G7  bv  8,  mentall}',  and  to  make  a  sign  wlien  he  had  finished. 
The  recorded  curve  showed  very  distinctly  how  much  more  blood 
the  brain  took  to  i)erform  the  operation.  Hence  the  pleth3'smo- 
graph  is  capable  of  measuring  the  relative  amount  of  mental 
power  required  by  different  persons  to  work  out  the  same  mental 
problem.  Indeed  Mr.  Gaskell  suggests  the  use  of  this  instrument 
in  the  examination  room,  to  find  out,  in  addition  to  tlic  amount  of 
knowledge  a  man  possesses,  how  much  effort  it  causes  him  to  pro- 
duce any  particular  result  of  brain-work.  Dr.  Mosso  relates  that 
while  the  apparatus  was  set  up  in  his  room  in  Turin,  a  classical 
man  came  in  to  see  him.  lie  looked  very  contemptuous!}*  upon  it 
and  asked  of  what  use  it  could  be,  saying  that  it  couldn't  do  any- 
body any  good.     Dr.  Mosso  replied,  "  Well  now,  I  can  tell  you 
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by  tbat  whether  3'ou  can  read  Greek  as  easily  as  you  can  Latin." 
As  the  classicist  would  not  believe  it,  his  own  arm  was  put  into 
the  apparatus  and  he  was  given  a  Latin  book  to  read.     A  very 
slight  sinking  of  the  curve  was  the  result.    The  Latin  book  was 
then  taken  away  and  a  Greek  book  was  given  him.    This  produced 
immediately,  a  much  deeper  curve.     He  had  asserted  before  that 
it  was  quite  as  easy  for  him  to  read  Greek  as  Latin  and  that  there 
was  no  difficulty  in  doing  either.     Dr.  Mosso,  however,  was  able 
to  show  him  that  he  was  laboring  under  a  delusion.     Again,  this 
apparatus  is  so  sensitive  as  to  be  useful  for  ascertaining  how 
much  a  person  is  dreaming.     When  Dr.  Pagliani  went  to  sleep  in 
the  apparatus,  the  effect  upon  the  resulting  curve  was  very  marked 
indeed.     He  said  afterward  that  he  had  been  in  a  sound  sleep  and 
remembered  nothing  of  what  passed  in  the  room — that  he  had 
been  absolutely  unconscious ;  and  yet,  every  little  movement  in 
the  room,  such,  as  the  slamming  of  a  door,  the  barking  of  a  dog, 
and  even  the  knocking  down  of  a  bit  of  glass,  were  all  marked  on 
the  curves.     Sometimes  he  moved  his  lips  and  gave  other  evidences 
that  he  was  dreaming ;  they  were  all  recorded  on  the  curve,  the 
amount  of  blood  required  for  dreaming  diminishing  that  in  the  ex- 
tremities.    The  emotions  too  left  a  record.     When  only  a  student 
Came  into  the  room,  little  or  no  effect  appeared  in  the  curve.     But 
"^hen  Professor  Ludwig  himself  came  in,  the  arteries  in  the  arm 
of  the  person  in  the  apparatus  contracted  quite  as  strongly  as 
upon  a  very  decided  electrical  stimulation. 

In  an  address  of  the  retiring  President  of  this  Association, 
delivered  but  a  few  3'ears  ago,  I  find  this  sentence :  ''  Thought 
cannot  be  a  physical  force,  because  thought  admits  of  no  meas- 
ure."^ In  the  light  of  the  rapid  advances  lately  made  in  inves- 
tigating mental  action,  we  see  that  in  two  directions  at  least,  in 
its  rate  of  action  and  of  its  relative  energy,  we  may  already 
measure  thought,  as  we  measure  an}'  other  form  of  energy,  by 
the  effects  it  produces. 

Passing  now  to  the  consideration  of  the  general  question  of 
the  transformation  of  energy  which  is  effected  b}*  living  beings, 
attention  may  be  called  to  one  or  two  points  in  general  physics,  as 
bearing  upon  its  solution.  The  great  law  of  the  dissipation  of 
energy,  as  modified  b}'  Thomson  from  the  statement  of  Clausius, 
is  thus  stated  :  "The  entropy  of  the  universe  tends  to  zero."^*^  In 
other  words,  the  energy  of  the  universe  available  for  transmutation 
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is  approaching  extinction.  Tliis  conclusion  is  based  upon  the 
fact  tliat  while  evciy  form  of  energy  can  be  completely  converted 
into  heat,  heat  cannot  be  completely  converted  into  other  forms 
of  energy,  nor  these  into  each  other.  Hence  it  arises  that  energy 
is  being  gradually  dissipated  as  heat.  Moreover,  since  trans- 
formation can  only  result  when  heat  passes  from  a  higher  to  a 
lower  temperature,  it  follows  that  when  that  perfect  equilibrium 
of  temperature  is  reached  toward  which  events  are  tending,  there 
can  be  no  other  energy  than  heat ;  and  this  absolutely  incon- 
vertible, irrecoverable.  To  apply  this  law  to  the  present  case, 
the  muscle,  for  example,  is  a  machine  for  transforming  the  en- 
ergy of  food  into  work.  Since,  consequently,  this  conversion  is 
not  complete,  it  follows  that  heat  must  appear  as  a  necessary  result 
of  muscular  action.  The  heat  of  animal  life,  consequentl}^,  is  not 
heat  especially  provided ;  it  is  simply  the  heat  which  inevitably 
results  from  an  incomplete  conversion  of  energy. 

Again,  the  form  of  chemical  action  generally  assumed  by  physi- 
ologists to  account  for  the  energy  of  the  living  animal  has  been 
chemical  union,  oxidation.^'  But  the  science  of  thermo-chemistry, 
as  developed  in  late  years  b}^  Berthelot  and  Thomsen,^*^  has  proved 
that  direct  union  of  chemical  substances  may  not  only  not  evolve 
heat,  but  may  actually  absorb  it.  It  appears,  too,  that  thermal 
changes  accompany  all  forms  of  chemical  change,  those  of  decom- 
position and  exchange  as  well  as  those  of  synthesis.  The  animal 
absorbs  highly  complex  substances  as  food,  capable  of  innumerable 
stages  of  retrogressive  metamorphosis  before  elimination.  In  each 
of  these  stages  energy  may  be  evolved,  this  energy  being  that 
successively  stored  up  by  the  plant  when  these  changes  were 
repeated  in  the  inverse  order. 

Another  point  of  interest  has  reference  to  the  modern  views  of 
capillarity.  In  1834,  J.  W.  Draper  showed  that  capillarity  is  an 
electrical  phenomenon.^^  Quite  recently,  Lippmann  has  developed 
and  extended  this  view  and  fully  confirmed  it."°  Whenever  the 
free  surface  of  a  liquid,  curved  by  capillary  action,  is  electrified  it 
changes  its  form ;  and  conversely,  when  such  a  surface  is  made 
by  mechanical  means  to  change  its  form,  an  electromotive  force  is 
developed.  Based  upon  tlris  principle  Lippmann  constructed  a 
capillary  reversible  engine  and  an  extremely  sensitive  capillary 
electrometer.  The  former,  when  a  current  of  electricity  was 
applied   to  it,  developed  mechanical  work   and  ran  as  a  motor. 
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WTien  turned  by  hand,  it  became  an  electromotor.  In  the  animal 
organism  there  are  it  is  true  but  a  few  free  surfaces  where  this 
action  can  take  place.  But  Gore  has  shown  that  the  same  phe- 
nomenon appears  between  two  liquids  in  contact,  their  boundary 
being  altered  in  character  by  electrification.*^^  Indeed,  when  we 
consider  the  production  of  electricity  by  osmose,  and  of  heat  and 
electricity  both,  by  imbibition,  both  capillary  phenomena,'^^  the 
wonder  is  not  that  so  much  electrical  energy  is  evolved  by  the 
organism,  but  that  it  is  so  little.  If  the  physical  and  chemical 
changes  which  take  place  within  the  body  took  place  without  it, 
there  would  be  an  abundant  evolution  of  energy.  Can  we  doubt 
that  these  changes  are  the  cause  of  the  energy  exhibited  by  the 
organism  ? 

Thus  far,  when  we  have  spoken  of  a  living  being,  we  have  had 
reference  to  the  organism  as  a  whole,  and  this  of  a  rather  complex 
kind.  In  this  view  of  the  case,  however,  we  find  that  biological 
microscopists  do  not  agree  with  us.  "  The  cell  alone,"  says  Kiiss, 
"is  the  essentially  vital  element."''^  gays  Beale, —  ''There  is  in 
living  matter  nothing  which  can  be  called  a  mechanism,  nothing 
in  which  structure  can  be  discerned.  A  little  transparent  colorless 
material  is  the  seat  of  these  marvellous  powers  or  properties  by 
which  the  form,  structure  and  function  of  the  tissues  and  organs 
of  all  living  things  are  determined.""*  And  again,  "  However  much 
organisms  and  their  tissues  in  their  fully  formed  state  ma}'  vary 
as  regards  the  character,  properties  and  composition  of  the  formed 
material,  all  were  first  in  the  condition  of  clear,  transparent, 
structureless,  formless  living  matter."^^  So  Ranvier  -J^  "  Cellular 
elements  possess  all  the  essential  vital  properties  of  the  complete 
organism."  And  Allman,  in  his  address  as  President  of  the 
British  Association  last  year,  is  still  more  explicit. '^  "  Every  living 
being,"  he  says,  "  has  protoplasm  as  the  essential  matter  of  every 
living  clement  of  its  structure."  "  No  one  who  contemplates  this 
spontiineously  moving  matter  can  deny  that  it  is  alive.  Liquid 
as  it  is,  it  is  a  living  liquid  ;  organless  and  structureless  as  it  is, 
it  manifests  the  essential  phenomena  of  life."  "Coextensive 
with  the  whole  of  organic  nature  —  every  vital  act  being  referable 
to  some  mode  or  property  of  protoplasm,  it  becomes  to  the 
biologist  what  the  ether  is  to  the  physicist."  From  these  quota- 
tions it  would  seem  that  even  in  the  highest  animal  there  is 
nothing  living  but  protoplasm  or  germinal  matter,  "  transparent, 
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colorless,  and,  as  far  as  can  be  ascertained  by  examination  with 
the  highest  powers  of  the  microscope,  perfectly  structureless.  It 
exhibits  these  same  characters  at  every  period  of  its  existence." 
Neither  the  contractile  tissue  of  the  muscle,  the  axis-cylinder  of 
the  nerve,  nor  the  secreting  cell  of  the  gland,  is  living,  according 
to  BealeJ®  Hence  it  would  be  fair  to  draw  the  inference  that 
vital  force  should  not  be  required  to  explain  the  phenomena  of  the 
non-living  matter  of  the  body,  such  as  the  contraction  of  the 
muscle  or  the  function  of  the  nerve.  If  this  be  conceded  it  is  a 
great  point  gained ;  since  the  phenomenon  of  life  becomes  vastly 
simplified  when  we  have  to  account  for  it  only  as  exhibited  in  this 
one  single  form  of  living  matter,  protoplasm.  In  describing  its 
properties,  Allman  includes  this  remarkable  mobility,  these  spon- 
taneous movements,  and  says  that  they  result  "from  its  proper 
irritability,  its  essential  constitution  as  living  matter."  "  From  the 
facts  there  is  but  one  legitimate  conclusion,  that  life  is  a  property 
of  protoplasm."  Beale,  however,  will  not  allow  that  life  is  "a 
propert}^  "  of  protoplasm.  "  It  cannot  be  a  property  of  matter," 
he  sa\s,  "  because  it  is  in  all  respects  essentiall}'  different  in  its 
actions  from  all  acknowledged  properties  of  matter.""^  But  the 
properties  of  bodies  are  only  the  characters  by  which  we  differ- 
entiate them.  Two  bodies  having  the  same  properties  would  only 
be  two  portions  of  the  same  substance.  Because  life,  therefore, 
is  unlike  other  properties  of  matter,  it  by  no  means  follows  that  it 
is  not  a  property  of  matter.®^  No  dictum  is  more  absolute  in 
science  than  the  one  which  predicates  properties  upon  constitu- 
tion. To  say  that  this  property  exhibited  by  protoplasm,  mar- 
vellous and  even  unique  though  it  be,  is  not  a  natural  result  of 
the  constitution  of  the  matter  itself,  but  is  due  to  an  unknown 
entity,  a  tertium  quld^  which  inhabits  and  controls  it,  is  opposed 
to  all  scientific  analogy  and  experience.  To  the  statement  of  the 
vitalist  that  there  is  no  evidence  that  life  is  a  property  of  matter, 
we  may  reply  with  emphasis  that  there  is  not  the  slightest  proof 
that  it  is  not. 

Chemistry  tells  us  that  complexit}'  of  composition  involves  com- 
plexity of  properties.  The  grand  progress  which  Organic  Chem- 
istry has  made  in  recent  times  has  been  owing  to  the  distinct 
recognition  of  the  influence  of  structure  upon  properties.  Isom- 
erism is  one  of  its  most  significant  developments.  The  number 
of  possible  isomers  increases  enormously  with  the  complexity  of 
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Ihc  molecule.     Granted  that  we  now  know  several  of  the  proteid 
group  of  substances  :^^  how  many  thousands  may  tliere  be  3*et  to 
know?     Bodies  of  such  extreme  complexity'  of  constitution  may 
well  have  an  indeflnite  number  of  isomers.     Not  onl}-  does  chem-. 
istry  not  say  tliat  there  cannot  be  such  a  tiling  but  she  encourages 
the  expectation  that  tlicre  will  yet  be  found  the  precise  proteid 
of  which  the  phenomena  of  protoplasm  are  properties.     The  rapid 
march  of  recent  organic  synthesis  makes  it  quite  certain  that  every 
distinct  chemical  substance  of  tlie  living  body  will  ultimately  ba 
protUiced  in  the  laboratory  ;®2  and  this  from  inorganic  materials. 
Given  only  the  exact  constitution  of  a  compound,  and  its  synthesis 
follows.     When  therefore,  the  chemist  shall  succeed  in  producing 
a  substance  constitutionally  identical  with  the  protoplasmic  mass, 
there  is  every  reason  to  expect  that  it  will  exhibit  all  the  phenomena 
which  characterize  its  life ;  and  this  equall}'  whether  protoplasm 
be  a  single  substance  or  a  mixture  of  several  representative  sub- 
stances. 

But  here  a  word  should  be  said  concerning  a  remarkable  physical 
condition  assumed  by  matter  in  organized  beings.  Graham,  in  1862, 
drew  the  sharp  line  which  separates  colloid  from  crystalloid  mat- 
ter.^3  iiig  researches  have  j)roved,  says  Maudsley,^"*  ''the  neces- 
sity of  considerable  modification  in  our  usual  conception  of  solid 
matter.  Instead  of  the  notion  of  inert  impenetrable  matter,  we 
must  substitute  the  idea  of  matter  which  in  its  colloidal  state  is 
penetrable,  exhibits  energy,  and  is  widely  susceptible  to  external 
agents ;  '  its  existence  being  a  continued  metastasis.'  This  sort  or 
enerjrv  is  not  a  result  of  chemical  action,  for  colloids  arc  sin^uhulv 
inert  in  all  ordinary  chemical  relations,  but  is  a  result  of  its  un- 
known molecular  constitution  ;  and  the  undoubted  existence  of  col- 
loidal energy  in  organic  substances,  which  are  usually  considered 
inert  and  called  dead,  mav  well  warrant  the  belief  of  its  lari^or  and 
more  essential  operation  in  organic  matter  in  the  state  of  insta- 
bility of  composition  in  which  it  is  when  under  the  coiulition  of  life. 
Such  energy  would  then  sufllco  to  account  for  the  simplti  uniform 
movements  of  the  homoi^reneous  substance  of  which  th(^  lowc'st  ani- 
mal  consists  ;  and  the  absence  of  any  ditferentiation  of  structure  is  a 
sufficient  reason  for  the  absence  of  au}'  localization  of  function  and 
of  the  general  uniform  reaction  to  diflerent  impressions."  (iraham 
Umself  says  that  the  colloidal  state  may  be  looked  ui)on  ''as  the 
probable  primary'  source  of  the  force  appearing  in  the  phenomena 
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of  vital ity.**^^  The  colloidal  condition  is  the  dynamical  state  of 
matter ;  the  crystalloidal  the  static.  The  former,  which  is  the  rule 
in  the  organic  kingdom  of  nature,  is  the  exception  in  the  inorganic. 
Aluminum  and  ferric  hj^drates,  silicic  acid  and  a  few  other  inor- 
ganic substances,  exist  in  the  colloid  condition.  From  analogy 
there  would  seem  to  be  but  little  doubt  that  the  colloid  state  of 
these  bodies  differs  from  their  crystalloid  state  merely  in  Ihc  size 
of  the  molecule.  In  other  words  opal,  which  is  colloid  silica,  is  a 
polymer  of  quartz.  If  this  theor}'  be  true  there  can  be  no  doubt 
of  the  vastl}'  greater  complexity  of  a  colloidal  proteid  molecule 
than  of  a  crystalloid  one.  Now  it  is  a  yery  significant  fact,  in  this 
connection,  that  not  a  single  organic  colloid  has  ever  been  syn- 
thesized. Gelatin,  which  is  one  of  the  best  examples  of  a  colloid, 
has  a  comparatively  simple  structure.  And,  although  Hunt 
suggested,  many  years  ago,  that  gelatin  was  probably  an  amido- 
deriyative  of  the  sugar  group,®^  —  a  theory  subsequently  partially 
confirmed  b}'^  Gibbs — yet  no  inverse  process  has  yet  given  us 
this  substance.  That  matter  in  the  crystalloid  and  the  colloid 
forms  may  be  chemically  identical,  differing  only  in  the  size  of  its 
molecule,  may  be  quite  possible.  But  it  is  also  possible  that  the 
difference  may  be  a  physical  one.  To  produce  the  colloid  state 
from  the  crystalloid  is  by  no  means  beyond  the  power  of  science. 
We  qualify  our  previous  statement  then  only  so  far  as  to  say  that 
when  the  chemist  produces  a  body  in  the  colloidal  form,  having  the 
identical  constitution  of  protoplasm,  there  is  ever}'  reason  to  be- 
lieve that  it  will  have  the  vital  properties  of  protoplasm. 

The  important  question  now  arises  whether,  since  the  protoplasm 
of  animals  is  identical  with  that  of  vegetables,  and  the  latter  is 
the  food  of  the  former,  any  energy  whatever  is  stored  up  by  the 
animal  as  such.  That  this  identity  exists  would  seem  satisfactorily 
established.  Though  the  protoplasm  of  vegetables  is  enclosed 
within  a  colhilose  bag,  it  is,  says  AUman,  only  a  closely  imprisoned 
rhizopod.^"  In  the  Nitella,  it  shows  all  its  characteristic  irritability, 
and  from  Vaucheria  it  escapes  to  exhi!)it  all  its  amoeboid  move- 
ments. Si)ores  swim  about  by  cilia  or  flagella,  and  the  cell-division 
of  the  oue  kingdom  is  the  same  as  that  of  the  other.  In  plants, 
however,  protoplasm  seems  to  be  associated  with  chlorophyll, 
whose  function  was  for  a  long  time  supposed  to  be  to  decompose 
carbon  dioxide  under  the  iulluencc  of  sunlight.  But  Draper  in 
1872,  showed  that  this  decomposition  took  place  before  the  chlo- 
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rophyll  was  formed.®®  Recent  researches  suggest  that  the  function 
of  chlorophyll  may  be  wholly  protective.®^  The  assimilative 
power  of  the  protoplasm  reaches  its  maximum  in  the  orange  and 
yellow  rays.  Now  Bert  has  shown  that  the  absorption  band  in 
the  chlorophyll  spectrum  is  in  the  exact  position  of  this  maximum.^® 
Hence,  Gautier  believes  that  this  substance  acts  as  a  regulator 
of  plant  respiration,  the  greater  or  less  amount  of  luminous 
energy  thus  absorbed  and  transformed,  being  utilized  by  the 
protoplasm  and  stored  up.^^  Growth  and  cell-division,  however, 
are  independent  of  orange  light  and  hence  of  chlorophyll.  In 
the  higher  plants,  these  functions  are  performed  by  a  separate  and 
deep-l3'ing  set  of  cells.  But  in  the  lower,  the  same  cell  discharges 
both  functions,  assimilation  going  on  in  it  during  the  day,  and 
growth  chiefly  at  night.^^  Sachs  had  already  proved  that  the  max- 
imum growth  of  plants  takes  place  just  before  daylight  and  the 
minimum  in  the  afternoon.  This  retarding  action  of  sunlight  upon 
growth  is  as  curious  as  it  is  unexpected.  It  now  appears  that 
in  orange  light  plants  assimilate — absorb  carbon  dioxide  and 
evolve  oxygen  —  but  do  not  grow  and  are  not  heliotropic  ;  while  in 
blue  light  they  are  strongly  heliotropic  but  do  not  give  off  oxj'gen.^^ 
Chlorophyll,  however,  is  not  confined  to  vegetables ;  infusoria, 
hydras,  and  certain  plauarian  worms  are  green  from  the  presence 
of  this  substance,  and  Geddes  has  shown  that  such  animals,  placed 
in  the  sunlight,  give  off  a  gas  which  is  more  than  half  oxygen.^** 
These  cells,  moreover,  contain  starch  granules.®^ 

A  still  more  striking  evidence  of  this  intimate  relationship  has 
been  developed  by  Darwin,  in  his  researches  upon  insectivorous 
plants.^®  Not  only  do  these  plants  possess  a  mechanism  for  captur- 
ing insects,  but  they  secrete  a  gastric  juice  which  digests  them. 
Nageli  has  shown  the  presence  of  pepsin  in  yeast  cells,^^  and  at- 
tention has  lately  been  called  by  Wurtz  and  others  to  the  juice  of 
the  Carica  papaya  which  contains  a  pepsin-like  substance  capable 
of  peptonizing  fibrin  completely. 3®  Moreover,  there  is  the  closest 
similarity  between  diastase  and  ptyalin  ;^^  and  the  milk  of  the  cow- 
tree,  recently  examined  by  Boussingault^^o  and  found  to  resemble 
cream  closely  in  composition,  shows  the  presence  of  emulsifying 
tgents  in  the  vegetable  kingdom  analogous  to  those  found  in  the 
pancreas  of  the  animal. 

Another  most  curious  proof  of  the  identity  of  animal  and  vege- 
table protoplasm  has  been  given  by  Claude  Bernard,  who  has  shown 
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that  both  are  alike  sensitive  to  the  influence  of  anfiestbetics.^®^  A 
sensitive  plant  exposed  to  ether  no  longer  closes  its  leaflets  when 
touched.  Assimilation  and  growth,  as  well  as  germination,  are 
arrested  by  chloroform.  The  yeast  plant  when  etherized  no  longer 
decomposes  sugar  to  produce  alcohol  and  carbon  dioxide  ;  while  the 
inversive  and  non-vital  ferment  still  acts  to  convert  the  cane- 
sugiir  into  glucose ;  precisely  as  under  these  circumstances,  the 
diastasic  ferment  converts  the  starch  of  the  seed  into  sugar. ^^  By 
arresting  anaesthetically  the  process  by  which  carbon  dioxide  is 
absorbed  and  oxj'gen  evolved,  the  true  respiratory  process,  being 
less  affected,  now  appears ;  and  Schutzenberger  has  proved  that 
the  fresh  colls  of  the  yeast  plant  breathe  like  an  aquatic  animal. ^^3 

It  would  seem  then  that  the  protoplasmic  life  of  animaU  is 
identical  with  that  of  plants ;  a  certain  measure  of  destructive 
metamorphosis  taking  place  in  each,  evolving  energy  and  pro- 
ducing carbon  dioxide  and  water.  When,  however,  this  function  is 
examined  quantitatively,  its  maximum  is  seen  to  be  reached  in  the 
animal.  While  the  assimilative  function  characterizes  the  plant, 
the  destructive  function  distinguishes  the  animal.  Hence  it  is  the 
function  of  the  plant  to  store  up  energy,  to  produce  the  highly 
com[)lex  protoplasm.  This,  consumed  by  the  animal  as  his  food, 
continues  his  existence  as  a  living  being,  the  energy  gradually  set 
free  by  its  successive  steps  of  retrogressive  metamorphosis,  ap- 
pear in<x  as  the  work  which  he  performs.  If  this  view  be  correct, 
it  would  follow  that  everv  individual  substance  found  in  the  ani- 
nial  —  save  only  those  which  result  from  degradation  —  must  be 
found  in  the  plant  upon  which  it  feeds,  and  this  is  the  fact.  The 
myosin  which  Kiihnc^^^  has  shown  to  be  the  distinctive  proteid  of 
muscle,  Vines  has  found  in  the  aleuron  grains  of  the  lupine  and 
the  castor  oil  plant,  along  with  vitellin,  the  special  proteid  of  the 
vitelhisJ^^  The  researches  of  Weyl  and  Bischoflf  have  proved  that 
gluten  is  formed  in  the  dough  of  wheat  flour  by  the  action  of  a 
ferment  upon  the  globulin-substance  or  plant-myosin  which  it 
contains, ^"^  precisely  as  Ilammarsten  has  shown  fibrin  is  produced 
in  tho  action  of  a  similar  ferment  upon  fibrinogen. ^^'  Not  only 
this;  lloppe  Seyler  has  extracted  from  maize  the  identical  sub- 
stance which  has  been  shown  bv  Liebreich  to  be  the  essential 
chemical  constituent  of  nerve  tissue,  protagon.^"^ 

The  evidence  then  would  seem  to  l)e  conclusive  that,  since  the 
protoplasm  of  the  animal  is  identical  with  that  of  the  vegetable, 
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the  former  must  be  derived  from  the  latter.  Hence  the  animal 
itself,  though  perhaps  reconstructing  more  or  less  of  the  proto- 
plasm of  its  food,  really  synthesizes  none  of  this  material.  No 
energy  therefore  is  stored  up  by  the  animal  as  such.  Its  total 
protoplasmic  energy  exists  already  in  its  food,  in  which  it  was 
stored  up  originally  by  the  plant.  Two  inferences  seem  naturally 
to  follow  from  this  conclusion :  1st,  that  all  the  properties  of 
animal  protoplasm,  and  of  the  animal  organism  of  which  it  con- 
stitutes the  essential  part,  may  be  studied  in  the  protoplasm  of 
the  plant;  and  2d,  that  hence  the  solution  of  the  life-question 
in  the  Myxomyeetes  will  solve  the  life-problem  for  the  highest 
vertebrate.'^^ 

Another  consideration  which  must  not  be  left  out  of  the  account 
in  any  discussion  of  the  life-question  is  the  potent  influence  of  en- 
vironment. Oixlinary  examples  of  this  influence  pass  before  our 
eyes  every  day.  Heat  necessitates  the  germination  pf  the  seed, 
and  light  causes  plant  assimilation.  Gravity  obliges  the  root  to 
grow  downward  and  the  stem  to  ascend.  Certain  sensations  from 
without  excite  inevitably  muscular  contraction ;  and  a  ludicrous 
idea  may  provoke  laughter  in  defiance  of  the  will.  Epidemic  and 
epizootic  diseases  show  the  dependence  of  function  upon  external 
conditions,  and  the  germ  theory  illustrates  the  utter  dispro- 
portionality  of  the  cause  to  the  effect. ^^^  The  remarkable  simi- 
larity in  the  periodicity  observed  between  sunspots  and  the  weather 
lias  l)een  extended  to  include  the  appearance  of  locusts  and  the 
«*lvent  of  the  plague. *^^  Even  the  bo<ly  politic  feels  its  influence, 
Jevons  having  established  a  coincident  periodicity  for  commercial 
crises.i^* 

The  modern  theory  of  energy,  however,  puts  this  influence  in  a 
still  stronger  light.  As  defined  hitherto,  energy  is  either  motion 
or  position  ;  is  kinetic  or  potential. ^^^  Energy  of  position  derives 
its  value  obviously  from  the  fact  that  in  virtue  of  attraction  it 
may  become  energy  of  motion.  But  attraction  implies  action  at 
t  distance  ;  and  action  at  a  distance  implies  that  matter  mt\y  act 
where  it  is  not.  This  of  course  is  impossible ;  an<l  hence  action 
tt  a  distance,  and  with  it  attraction  and  potential  energy,  are 
disappearing  from  the  language  of  science.  But  what  eoncei)tion 
is  it  which  is  taking  its  place?  By  what  action  docs  the  sun  iiold 
oar  earth  in  its  orbit?  The  answer  is  to  be  found  in  the  proper- 
ties of  the  ether  which  fills  all  space.     The  existence  of  this  ellicr, 
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the  phenomena  of  light  and  electricity  abundantly  prove.  While 
so  tenuous  that  Astronomy  has  been  taxed  to  prove  that  it  exerts 
an  appreciable  resistance  upon  the  least  of  the  celestial  bodies,  its 
elasticity  is  such  that  it  transmits  a  compression  with  a  well  nigh 
infinite  velocitv.^^'*  On  the  one  hand,  Thomson  has  determined 
its  inferior  limit,  and  finds  that  a  cubic  mile  of  it  would  weigh  only 
one  thousand-millionth  of  a  pound  ;^^^  on  the  other,  Herschel  has 
calculated  that,  if  an  amount  of  it  equal  in  weight  to  a  cubic  inch 
of  air  be  enclosed  in  a  cubic  inch  of  space,  its  reaction  outward 
would  be  upward  of  seventeen  billions  of  pounds.^^^  Instead  of 
being  represented  as  is  our  air,  by  the  pressure  of  a  homogeneous 
atmosphere  five  miles  in  height,  such  a  pressure  would  represent 
just  such  a  homogeneous  atmosphere  five  and  a  half  billions  of 
miles  high,  or  about  one-third  the  distance  to  the  nearest  fixed 
star!  In  Ilerschel's  own  words:  "Do  what  we  will,  adopt  what 
hyix>theses  we  please,  there  is  no  escape  in  dealing  with  the  phe- 
nomena of  light,  from  these  gigantic  numbers ;  or  from  the  con- 
ception of  enormous  physical  force  in  i>erpetual  exertion  at  every 
l>oint  through  all  the  immensity  of  space."*^" 

Now,  as  IVeston  has  suggested,'^®  if  we  regard  this  ether  as  a 
gas,  defined  b}^  the  kinetic  theory  that  its  molecules  move  in  straight 
lines,  but  with  an  enormous  length  of  free  path,  it  is  obvious  that 
this  ether  may  be  clearly  conceived  of  as  the  source  of  all  the 
motions  of  ordinary  matter.  It  is  an  enormous  storehouse  of 
energ}',  which  is  continually  passing  to  and  from  ordinary  matter, 
precisely  as  we  know  it  to  do  in  the  case  of  radiant  transmission. 
When  i)otential  energy  becomes  kinetic,  the  ether  loses  and  the 
matter  gains  motion.  When  kinetic  energy  becomes  potential, 
the  lost  energy  of  the  matter  is  the  motion  gained  by  the  ether. 
Before  so  simple  a  conception  as  this,  both  j)otential  energy  and 
action  at  a  distance  are  easily  given  up.  All  energy  is  kinetic 
energy,  the  energy  of  motion.  Giving  now  to  the  ether  its  store- 
house of  tremendous  power,  and  giving  to  it  the  ability  to  transfer 
this  power  to  ordinary  matter  upon  opportunity,  and  we  have  an 
environment  compared  with  which  the  .strongest  steel  is  but  the 
breath  of  the  summer  air.  In  presence  of  such  an  energy  it  is 
that  wo  live  and  move.  In  the  midst  of  such  tremendous  power 
do  we  act.  Is  it  a  wonder  that  out  of  such  a  reservoir  the  power 
by  which  we  live  should  irresistiblv  rush  into  the  orjjjanism  and 
develop  the  transmuted  energy  which  we  recognize  in    the  phe- 
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nomena  of  life?     Truly,  as  Spinoza  has  put  it,  '*  Tliose  who  fondly 
thiuk  they  act  with  free  will,  dream  with  their  eyes  open."^^^ 

Such  now  are  some  of  the  facts  and  the  theories  to  be  found  in 
the  science  of  to-day  concerning  the  phenomena  of  life.  Physio- 
logically considered,  life  has  no  mysterious  passages,  no  sacred 
precincts  into  which  the  unhallowed  foot  of  science  may  not  enter. 
Research  has  steadily  diminished  day  by  day  the  phenomena  sup- 
posed vital.  Physiology  is  daily  assuming  more  and  more  the 
character  of  an  applied  science.  Every  action  performed  by  the 
living  bodj'^  is  sooner  or  later,  apparently,  to  be  pronounced  chemical 
or  physical.  And  when  the  last  vestige  of  the  vital  principle  as 
an  independent  entity  shall  disappear  from  the  terminology  of 
science,  the  word  "  Life,"  if  it  remain  at  all,  will  remain  only  to 
signif}',  as  a  collective  term,  the  sum  of  the  phenomena  exhibited 
by  an  active  organized  or  organic  being. 

I  cannot  close  without  speaking  a  single  word  in  favor  of  a  vigor- 
ous development  in  this  country  of  physiological  research.  What 
has  already  been  done  among  us  has  been  well  done.  I  have  said 
with  diffidence  what  I  have  said  in  this  address,  because  I  see  around 
me  those  who  have  made  these  subjects  the  study  of  their  lives, 
and  who  arc  far  more  competent  to  discuss  them  than  I  am.  But 
the  laborers  in  the  field  are  all  too  few,  and  the  reasons  therefor  are 
not  far  to  seek.  One  of  these  undoubtedly  is  the  high  scientific 
attainment  necessary  to  a  successful  prosecution  of  this  kind  of 
mvcstigation.  The  phj'siological  student  must  be  a  physicist,  a 
chemist,  an  anatomist  and  a  physiologist  all  at  once.  Again,  the 
course  of  instruction  of  those  who  might  fairly  be  expected  to 
enter  upon  this  work,  the  medical  students  of  the  country-,  is  di- 
rected toward  making  them  practitioners  rather  than  investigators. 
In  the  third  place  the  importance  of  physiological  studies  in  con- 
nection with  zoological  research  is  only  beginning  in  this  country 
to  receive  the  share  of  attention  it  deserves.  I  well  remember 
the  gratification  I  experienced  in  1873  upon  receiving  a  letter  from 
Professor  Louis  Agassiz,  announcing  his  intention  to  have  lectures 
at  Pcnikese  upon  physiological  chemistry ;  a  new  departure  for 
those  times.  In  this  view  of  the  case  it  seems  very  approi)riato 
that  a  new  subsection  of  this  Association  should  be  just  now  in 
process  of  formation.  We  welcome  warmly  the  body  of  men  who 
form  it  and  we  predict  that  from  the  new  subsection  of  Anatomy 
and  Physiology  most  valuable  contributions  will  be  received  for 
our  proceedings. 
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It  is  a  beautiful  conception  of  science  which  regards  the  en- 
ergy which  is  manifested  on  the  earth  as  having  its  origin  in  the 
sun.  Pulsating  awhile  in  the  ether-molecules  which  till  the  inter- 
vening space,  this  motion  reaches  our  earth  and  communicates  its 
tremor  to  the  molecules  of  its  matter.  Instantly  all  starts  into 
life.  The  winds  move,  the  waters  rise  and  fall,  the  lightnings 
flash  and  the  thunders  roll,  all  as  subdivisions  of  this  received 
power.  The  muscle  of  the  fleeing  animal  transforms  it  in  escaping 
from  the  hunter  who  seeks  to  use  it  for  the  purpose  of  his  de- 
struction. The  wave  that  runs  along  that  tiny  nerve- thread  to 
apprise  us  of  danger  transmutes  it,  and  the  return  pulse  that  re- 
moves us  from  its  presence  is  a  portion  of  it.  The  groan  of  the 
weary,  the  shriek  of  the  tortured,  the  voiced  agony  of  the  babeless 
mother,  all  borrow  their  significance  from  the  same  source.  The 
magnificence  of  the  work  of  a  Leonardo  da  Vinci  or  a  Michael 
Angelo  ;  the  divine  creations  of  a  Beethoven  or  of  a  Mozai*t ;  the 
immortal  Principia  of  a  Newton  and  the  Mechanique  Celeste  of  a 
Laplace,  —  all  had  their  existence  at  some  point  of  time  in  oscil- 
lations of  ether  in  the  intersolar  space.  But  all  this  energy  is  only 
a  transitory  possession.  As  the  sunlight  gilds  the  mountain  top 
and  then  glances  off  again  into  space,  so  this  energy  touches 
upon  and  beautifies  our  earth  and  then  speeds  on  its  way.  What 
other  worlds  it  reaches  and  vivifies,  we  may  never  know.  Beyond 
the  veil  of  the  seen,  science  may  not  penetrate.  But  religion, 
more  hopeful,  seeks  there  for  the  new  heavens  and  the  new 
earth,  wherein  shall  be  solved  the  problems  of  a  higher  life. 
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Helmholtz  found  the  velocity  of  transmission  at  the  rate  of  !:i8  feet  per  second.  Along 
the  sensor  nerves  of  man  Schelske  found  it  to  be  at  the  rate  of  97  feet. 
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*^Mdrei/,  Anim.  Mechanism,  41, 43.  See  also  Du  Bois  Reymond's  Lecture,  ''Ontht 
Tirae  required  for  ttie  Transmission  of  Sensation  and  Volition  throagh  the  Nerves," 
rroc.  Hoy.  lust.,  1800.     Garver,  Am.  J.  Sci.,  Ill,  xy.  413, 1878;  xx,  189, 1880. 
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"  Weher,  Quoted  by  Radcliffe,  loc.  cit.,  18. 

*»  Radcliffe,  loc.  cit.,  18. 

**  Gaugain,  Quoted  by  Lovering,  loc.  cit.,  37. 

M  .Vnrey.  "  We  know  tliat  electric  i)henoraena  are  ])roduced  in  the  nerve  when  it  has 
been  excited  in  a  certain  way,  and  tiiat  their  propagation  throughout  the  nervous  cord 
seems  to  liavc  ])rcci8cly  the  same  speed  as  that  of  the  transference  of  the  nervous 
energy  itself."  Anim.  Mechanism,  41.  liernstein^  Untersuch.  U.  d.  Erregungsvorgang 
im  Nerven-  und  Muskel-systemc,  1871,  has  shown  that  the  negative  variation  or  current 
of  action  ))as8es  along  a  muscle  or  nerve  from  the  spot  stimulated  in  the  form  of  a 
wave,  travelling  in  the  nerve  nt  the  same  rate  as  tlie  nervous  impulse,  in  the  muscle  at 
thc^  same  rate  as  the  contraction.    See  Foster,  op.  cit..  pp.  77, 105. 

^<i  Clifford,  Seeing  and  Thinking,  20.  Du  Bois  Iteymond,  Roy.  Inst.  Lcct.,  1866. 
Spencer,  Psychology,  I,  81. 

67  Jiert,  C.  U..  Ixxxiv,  173.    Foster,  op.  cit.,  77, 120,  503. 

68  Bain,  Tlie  Senses  and  the  Intellect,  3d  ed..  New  York,  1872.  MaudsUy,  Body  and 
Mind,  London,  1870.  Physiology  and  Pathology  of  Mind,  2d  ed.,  London,  1808.  Sptn- 
cer.  Principles  of  Psychology,  New  York,  1871. 

f^^Mauddey,  Body  and  Mind,  18;  Physiology  and  Pathology,  42,44,  49, 138.  Bain, 
loc.  cit.,  12.  Clifford,  loc.  cit,  77.  Allman,  Nature  xx,  393.  ♦•  Every  phenomenon  of 
mind  is  the  result  as  manifest  energy,  of  some  cliange,  molecular,  chemical  or  vital, 
in  the  nervous  elements  of  the  brain."—'*  The  performance  of  an  idea,  like  the  perfoi-m- 
ance  of  movement,  is  a  retrograde  metamorphosis  of  the  organic  element."  ''Mental 
action  is  as  surely  dependent  on  the  nervous  system  as  the  liver  function  is  on  the 
hepatic," — Afattdslcy.  "No  fact  in  our  constitution  can  be  considered  more  certain 
than  tlli^:,  that  the  brain  is  the  chief  organ  of  mind  and  has  mind  for  its  principal 
function."— /?«iH.  "  That  consciousness  is  never  manifested  except  in  presence  of 
cert'bral  mailer  or  something  like  it,  tlicre  cannot  be  a  question."— ^Winan. 

'J"  J.  S.  Lombard,  New  York  Medical  Journal,  v,  198,  June,  1807. 
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heat;  and  that  this  will  go  on  as  long  as  transformations  occur,  until  the  whole  enei"gy 
of  the  universe  has  taken  this  final  form."  ^faxlrcU,  Theory  of  Heat,  188.  Ba^our 
Stewart,  Conservation  of  Knergy,  New  York.  1874. 111-154. 
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346. 
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ent mateiial  possesses  a  remarkable  power  of  movement.  It  may  thus  transport  itself 
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&tirch,  proteids,  and  fatty  matters  which  have  been  absorbed,  in  consequence  of  their 
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is  composed  of  formed  material."  "  The  non-living  tissue  which  is  thus  spun  off  as 
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30  ADDRESS   OF    PRESIDENT   BARKER. 

•«  Allman,  loc.  cit.,  390. 
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almost  be  said  to  be  wrapped  up  in  the  occult  properties  of  certAin  nitrogen  com- 
pounds." •'  PflUgor  has  drawn  some  very  suggestive  comparisons  between  the  so-called 
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REPOKTS    OF    COIVIMITTEES. 


Report  of  the  Committee  upon  Forestry. 

At  the  meeting  of  this  Association  held  at  Saratoga,  in  August 
last,  a  Resohition  was  introduced,  and  referred  by  the  Standing 
Committee,  to  the  Committee  upon  Forestry,  in  which,  in  view 
of  the  great  importance  of  the  matter  of  Forest-protection  and 
WTood-culture,  the  desire  was  expressed,  that  some  Report  looking 
towards  deOnite  action  be  received  from  this  Committee,  at  the 
next  meeting  of  the  Association. 

Your  published  proceedings  show,  that  two  reports  have  al- 
ready been  made  by  the  Committee  upon  Forestry ;  but  in  order  to 
present  the  subject  in  a  connected  form,  we  will  here  briefly  review 
the  action  that  has  been  taken  in  pursuance  of  the  object  men- 
tioned. 

At  the  session  held  at  Portland,  in  1873,  it  was 

'•  Resolved,  That  a  Committee  be  appointed  by  the  Association, 
to  memorialize  Congress  and  the  several  State  Legislatures  upon 
the  importance  of  promoting  the  cultivation  of  Timber,  and  the 
presen'ation  of  Forests,  and  to  recommend  proper  legislation  for 
securing  these  objects." 

It  was  understood  at  the  time,  that  an  amendment  was  adopted, 
directing  this  Committee  to  enter  into  correspondence  with  For- 
estry Associations  of  other  countries,  with  the  view  of  more 
eflTectually  promoting  the  interests  involved  in  this  subject,  but 
the  proceedings  as  published  do  not  show  this  fact. 

A  few  days  afterwards,  a  preliminary  meeting  was  held  at  the 
house  of  Mr.  George  B.  Emerson,  in  Boston,  at  which  a  majority 
of  the  Committee  was  present,  and  an  interchange  of  views  was 
had,  as  to  the  best  means  for  carrying  into  effect  the  wishes  of 
the  Association,  in  the  matter  under  their  charge.  As  the  interests 
involved  concern  no  particular  State,  but  pervade  the  whole  coun- 
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tr}^  it  was  thought  proper  to  bring  the  subject  first  before  Congress; 
and  a  sub-committee  consisting  of  George  B.  Emerson  and  F.  B. 
Hough  was  appointed  to  give  personal  attention  to  this  duty. 

A  memorial  was  prepared  and  sent  in  printed  form  to  each 
member  of  the  Committee,  and  to  other  persons  known  to  feel  an 
interest  in  the  subject,  inviting  their  suggestions,  and  asking 
them  to  propose  any  modiflcations  in  the  memorial  that  they  might 
deem  proper. 

In  January,  1874,  this  sub-committee  repaired  to  Washington, 
and  for  preliminary  cciasultation,  a  meeting  was  held  at  the 
Smithsonian  Institution,  at  which  several  members  of  Congress 
and  others  attended. 

As  the  result  of  this  conference,  it  was  thought  best  to  ask  for 
the  appointment  of  a  Commission,  similar  to  that  previously 
created  in  the  interest  of  Fisheries,  for  the  collection  of  facts, 
and  the  publication  of  information  upon  the  subject. 

This  being  cordiall}'^  approved  by  the  President,  the  memorial 
of  the  sub-committee  was  transmitted  by  him  to  both  Houses  of 
Congress,  with  the  strong  approval  of  the  Commissioner  of  the 
General  Land  Ofticc,  and  of  the  Secretary  of  the  Interior. 

This  special  message  of  the  President  was  referred  in  each 
House  to  the  Committee  on  the  Public  Lands,^  and  an  arrangement 
was  made  between  the  Chairmen  of  these  Committees,  to  the 
effoct  that  the  Comraitlee  of  the  House  should  first  examine  the 
subject  in  detail,  and  that  the  Senate  Committee  should  reserve 
its  action  until  the  former  had  reported. 

At  this  stage  of  the  proceedings,  the  senior  member  of  the 
sub-committee  was  recalled  by  private  aflairs, —  the  other  member 
remaining  until  near  the  close  of  the  session. 

After  unforeseen  delays,  caused  by  other  business  having  prece- 
dence in  the  Committee,  an  opportunity  for  a  hearing  was  given, 
and  the  question  was  referred  to  a  sub-committee,  consisting  of 
Messrs.  Dunnell  cf  Minnesota,  Phillips  of  Kansas,  and  Herndon 
of  Texas.  These  gentlemen,  having  faithfullj'  examined  the  sub- 
ject in  detail,  adopted  a  Report  which,  being  presented  to  the  gen- 
eral Committee  and  approved  by  them,  was  laid  before  the  House 
with  an  accompanying  Bill,  on  the  17th  of  March  following.^ 

>  Senate  Ex  Doc,  23;  Ist  sess.,  43rd  Cong. 

«  Report  No.  250,  II.  U. ;  1st  sess.,  43r(l  Cong.  Au  extra  edition  of  5,000  copies  of  this 
Report  was  ordered  by  Congress. 
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A  hearing  was  afterwards  given  by  the  Senate  Committee,  but 
the  subject  did  not  reach  them  for  tlieir  action,  which  would  doubt- 
less have  been  unanimously  in  its  favor, — judging  from  the 
opinions  expressed  in  conversation  by  each  of  the  members. 

In  this  Report  of  the  House  Committee,  they  say  : — ''  That  they 
have  given  their  attention  to  the  subject,  and  learn  tliat  the  me^ 
morial  above  referred  to  was  prepared  by  a  Committee  of  tho 
-American  Association  for  tlie  Advancement  of  Science,  as  the 
result  of  a  discussion  induced  by  a  communication  read  before 
them  at  their  annual  session  in  Portland,  Maine,  on  the  21st  of 
-August,  1873,  on  'the  Duty  of  Governments  in  the  Preservation 
of  Forests.' 

"  A  subject  endorsed  by  an  Association,  embracing  within  its 
membership  the  highest  scientiGc  talent  of  the  country,  must 
commend  itself  to  our  notice  as  worthy  of  attention.  More  es- 
pecially is  this  notice  due,  when  their  action  takes  the  form  of  a 
recommendation  to  Congress,  upon  a  subject  alleged  to  involve 
the  duty  of  tlic  Government,  upon  questions  that  vitally  affect  the 
interests  of  the  whole  country,  and  especially  those  of  Agriculture, 
Manufactures  and  Commerce. 

''  When  it  is  further  aftlrmed,  that  without  timely  provision  of 
law,  these  great  agencies  of  civilization  and  elements  of  wealth. 
Trill,  in  the  near  future,  be  materially  impaired,  we  cannot  hesitate 
to  give  the  recommendation  a  most  careful  examination,  to  the  end 
that,  if  well  founded,  the  measures  best  calculated  for  averting 
these  injuries  may  be  devised,  and  the  remedies  most  olfectually 
applied. 

''After  as  full  an  investigation  of  the  question  as  present 
opportunities  allow,  we  are  convinced  that  the  statenicnts  of  the 
memorial  arc  substantially  true,  and  that  it  is  tho  duty  of  the 
Government  to  take  immediate  measures  for  ascertaining  the  con- 
(lition  and  prospects  of  our  timber  supply,  to  the  end  that  the  fu- 
ture wants  of  the  country,  with  regard  to  these  great  interests, 
both  in  their  scientific  and  practical  relations,  should  be  thor- 
oughly investigated  and  made  widely  known." 

The  Bill  accompanying  this  Report  provided  for  tho  appoint- 
ment of  a  Commissioner  of  Forestry,  and  atlbrded  facilities  for 
liis  researches,  but  failed  at  that  session  to  become  a  law.  It  was 
Dot  opposed  in  any  manner,  but  was  simply  laid  aside  by  the  pres- 
sure of  other  measures  then  before  Congress. 

A.  A.   A     S.,  VOL.  XXIX.  3 
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At  tbc  Hartford  meeting  of  this  Association,  bekl  in  1874,  a 
Report,  signed  b}"  a  majority  of  your  Committee,  was  presented 
by  Mr.  George  B.  Emerson,  and  will  be  found  to  give  the  above 
proceedings  in  fuller  detail. ^ 

Earl}'  in  the  44th  Congress,  the  lion.  Mark  II.  Dunnell,  who 
had  taken  particular  interest  in  this  subject,  introduced  upon  no- 
tice, a  similar  Bill,  which  received  the  same  reference  as  before. 
An  opportunity  for  a  hearing  was  given,  l)ut  no  report  was  made. 
Before  the  end  orf  this  session,  this  gentleman,  however,  secured 
the  adoption  of  an  amendment  to  an  act  making  appropriations 
for  the  current  expenses  of  the  Government,  in  which  the  Com- 
missioner of  Agriculture  was  directed  to  appoint  a  person  for 
prosecuting  these  inquiries  relating  to  Forestr}^  his  powers  and 
duties  being  similar  to  those  specified  in  the  Bill  just  mentioned. 
This  appointment  was  given  to  Dr.  Franklin  B.  Hough,  and  on  the 
8th  of  December,  1877,  he  presented  to  the  Commissioner  of 
Agriculture  a  Report  upon  a  part  of  the  subjects  specified  in  the 
act  under  which  this  appointment  was  made.  It  was  transmitted 
to  Congress  b}'  the  President  on  the  13th  of  December,  and  re- 
ferred to  the  House  Committee  upon  Agriculture. 

An  edition  of  25,000  copies  of  this  Report  was  ordered,  but 
with  a  restriction  introduced  by  the  Printing  Committee,  which 
limited  its  extent  to  G50  pages,  and  compelled  the  omission  of  a 
part  of  the  Report."* 

At  the  meeting  of  this  Association  held  at  St.  Louis,  in  1878,  a 
second  Report,  prepared  by  the  Chairman  of  your  Committee,  was 
presented,  in  which  further  details  are  given  of  these  proceedings.^ 
It  also  embodies  his  views  concerning  the  subject  of  Forestry,  as 
applied  to  the  United  States,  and  recites  in  detail  the  measures 
already  adoi)ted  in  various  states  for  the  encouragement  of  plant- 
ing, with  such  suggestions  as  to  him  appeared  most  effectual  for 
the  promolion  of  these  interests. 

The  Commissioner  of  Agriculture,  deeming  the  authority 
granted  under  the  act  above  mentioned,  as  sullicient,  gave  direc- 
tions for  a  continuance  of  these  inquiries,  and  found  means  from 
the  funds  under  his  control  for  defraying  the  expenses.     A  second 

'  rrorpcdiiiffs  of  A.  A.  A.  S..  2:1(1  nieelin;?,  Aujr..  1S74,  pp.  3r.  to  45. 

*  Ut'porl  upon  Forcsii  V,  proi»aro«l  imdc'v  the  direction  of  the  Commissioner  of  Agri- 
etiltnre,  pni>uant  to  an  Act  of  Congress,  approved  Anmist  1.'),  187(5.  15y  Frauklin  B. 
]Iou;;h.    8v<).    pp.  (mO. 

''ProceedingM  of  A.  A.  A.  S.,  271!;  meeting,  .<t.  Louis,  pp.  29  to  40. 
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Report  was  presented  in  Januaiy,  1879,  aiul  transmitted  to  Con- 
gress by  the   President  earl^-  in  February  of  that  year.      From 
various  causes,  wholl}'  foreign  to  the  subject,  but  cliiefly  from  the 
occupation  of   the  members  of  the  Committee  upon  Agriculture 
(to  which  it  was    referred),  in  other   business   more   urgent,  no 
session  was  held  b3^  the  Committee,  at  which  a  liearing  could  be 
obtained,  from  the  time  when  this  Report  was  laid  before  them  till 
the  end  of  the  session.     In  fact,  the  Committee  met  but  once  for 
business  during  this  time,  and  then  it  was  wholly  occupied  upon 
another  subject.     The  Report  was  therefore  withdrawn  at  the  last 
moment  of  the  session,  and  returned  to  the  Department. 

Early  in  1880,  a  Resolution  was  introduced  in  Congress,  calling 
for  a  return  of  the  Report  above  mentioned,  and  it  was  again 
transmitted  by  the  President,  and  at  once  ordered  to  be  printed. 

The  Committee  uiK)n  Agriculture,  to  whom  it  was  referred, 
gave  the  subject  a  prompt  and  attentive  hearing,  and  agreed 
nnauimously  to  recommend  the  publication  of  100,000  extra 
copies.  This  resolution  was  still  pending  when  Congress  ad- 
journed, and  lies  over  till  next  session.  In  the  meantime,  the 
stereotyping  has  been  going  forward  to  completion,  making  a 
volume  of  618  pages. 

By  the  terms  of  law  under  which  these  labors  have  been  done, 
the  Commissioner  of  Agriculture  was  directed,  among  other  things, 
to  cause  a  Report  to  be  made  upon  the  ''  Importation  and  Expor- 
tation of  Timber  and  other  Forest  Products ;"  and  the  second 
Report  upon  Forestry  will  be  found  to  embrace  an  exhaustive 
statement  of  the  subject  in  its  commercial  aspect.  It  gives  a 
complete  summary  of  the  exportation  and  importation  of  forest 
prodacts  and  wood  manufactures,  through  the  period  of  ninety 
years,  beginning  with  the  government  in  its  present  form  in  1789, 
and  coming  down  to  the  close  of  the  last  fiscal  year,  June  30, 
1879,  as  i"e|>orted  annuall}'  by  the  Secretary  of  the  Treasury  from 
the  returns  of  Collectors  of  Customs.  The  arrangement  of  the 
tables  will  be  found  as  uniform  as  the  data  would  permit,  and 
ample  summaries,  percentages  and  deductions  from  these  tables 
have  been  prepared. 

The  intimate  relation  between  the  timber  interests  of  the  United 
States  and  of  Canada,  scarcely  allows  us  to  consider  one  without 
taking  into  account  the  other.  It  is  well  known  that  for  many 
years,  the  lumber  products  of  Canada  have  found  an  extensive 
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and  ready  sale  within  the  United  States,  and  at  the  same  time, 
that  a  large  amount  of  the  hewn  timber  from  within  the  United 
States,  in  the  country  bordering  upon  our  northern  lakes,  and 
intended  for  foreign  markets,  has  been  taken  down  the  lakes  and 
the  St.  Lawrence,  for  shipment  at  Quebec.  In  fact,  there  has 
alwa3's  existed  a  certain  community  of  interest  in  the  forests, 
between  the  inhabitants  of  the  United  States  and  of  Canada,  and 
it  may  be  reasonably  predicted,  that,  so  long  as  lumber  and  timber 
are  produced  in  either  of  these  countries,  they  will  go  to  supply  the 
wants  of  both. 

It  has  therefore  been  deemed  advisable,  in  presenting  a  full 
view  of  the  commerce  in  wood-products  for  the  United  States, 
and  in  order  that  this  branch  of  the  subject  should  be  as  complete 
as  possible,  to  enter  upon  a  careful  study  of  the  Canadian  timber 
trade  fiom  data  published  by  the  Dominion  and  the  Provincial  Gov- 
ernments, beginning  with  the  date  of  Confederation  in  18G7,  and 
coming  down  to  the  end  of  the  last  fiscal  j-ear.  In  some  branches 
of  this  inquir}',  the  statistics  are  carried  back  to  an  earlier  period, 
especially  in  regard  to  the  passage  of  timber  through  the  govern- 
ment slides  and  canals,  and  the  inspection  of  lumber  in  the  timber- 
market  of  Quebec. 

A  careful  analysis  has  been  made  of  the  results  of  inquiries 
instituted  in  recent  years  b}'  committees  of  the  Dominion  Parlia- 
ment, with  the  view  of  ascertaining  the  condition  and  future  pros- 
pects of  the  timber  resources  of  the  country,  and  the  means  best 
adapted  for  maintaining  these  supplies,  and  for  economizing  their 
use. 

A  full  account  is  also  given  of  the  systems  of  management, 
with  respect  to  the  timber  upon  the  Crown  Lands,  the  results  of 
experience  in  former  methods,  and  the  modifications  which  this 
experience  has  pointed  out,  in  perfecting  the  systems  now  in  use. 
In  this  we  may  find  suggestions  applicable  in  some  instances  to  the 
public  lands  of  the  I'nited  States,  in  the  methods  of  conservation 
and  management  that  may  be  hereafter  adoi)ted  upon  our  public 
domain  ;  in  fact,  from  a  similaritv  of  circumstances,  we  have 
more  to  learn  from  the  cxi)eriencc  gaintid  in  American  forests 
than  from  the  Forest  Administrations  of  Europe,  where  the  ten- 
ure of  the  lands,  the  systems  of  government,  forest  servitudes 
and  the  rights  of  connnunes  and  of  individuals,  are  so  widely 
dilTerent. 
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The  Ci"Own  Lands  of  Manitoba  and  of  the  Northwestern  Territo- 
ries of  Canada  belong  to  the  Dominion  Government  and  are  in 
care  of  the  Department  of  tlic  Secretary  of  State,  in  a  branch 
of  wliieh  tlicre  is  a  "  Dominion  Lands  Office." 

In  other  parts  of  Canada,  the  Crown  Lands  belong  to  the  Prov- 
inces in  whicli  they  lie,  and  separate  systems  of  management  are 
provided.  In  Ontario  and  Quebec  these  lands  are  in  charge  of  a 
Commissioner  of  Crown  Lands ;  in  New  Brunswick  they  arc 
under  the  Surve\'or  General ;  in  Nova  Scotia,  under  the  Attorney 
General ;  and  in  British  Columbia,  under  a  Chief  Commissioner  of 
Lands  and  Works. 

In  pei-fecting  the  Report,  application  was  made  personally,  or 
by  coi  respondence,  to  the  several  Departments  of  the  general  and 
local  governments  of  Canada,  having  official  cognizance  of  the 
subject,  and  full  series  of  every  class  of  Reports  bearing  upon  the 
forest-question  were  collected  from  them  all.  More  than  this, 
substantial  assistance  was  furnished  in  several  cases,  in  the  way 
of  copies  of  documents  not  published,  and  manuscript  statements 
explanatory  of  the  reports.  In  short,  these  inquiries  met  with 
the  most  courteous  attentions,  indicating  the  great  interest  which 
tlie  question  of  timber-supply  is  awakening  in  Canada,  and  afford- 
ing the  ground  for  hope,  that  elfectual  measures  will  ere  long  be 
realized  in  that  country  for  turning  their  remaining  resources  to 
the  best  account. 

If  they  will  go  a  step  farther,  and  secure  adequate  means  for 
re-production,  the  wants  of  the  future  will  be  assured.  As  an  in- 
dication that  one  of  the  means  most  certain  to  secure  this  desir- 
able end  is  well  understood,  we  ma}'  mention,  that  in  the  Province 
of  Quebec,  it  is  no  longer  permitted  to  cut  pine  trees  upon  the 
public  lands,  measuring  less  than  twelve  inches  in  diameter  at  the 
tttump.  If  the}'  could,  besides  this,  secure  adequate  measures  for 
tlie  prevention  of  forest  fires  and  otlier  waste,  and  apply  the  roser- 
rations  to  other  kinds  of  timber,  and  especially  the  spruce,  they 
Would  have  a  useful  system  of  Forestry  in  opciation. 

For  this  second  Report  that  we  are  descril^ing,  a  series  of 
graphic  illustrations  was  prepared  by  a  nkilful  draftsman  at  tlie 
Ume  when  the  statistical  tables  were  first  submitted  to  the  Dciiart- 
t&ent.  They  would  fill  about  aliundred  pn*;es,  and  it  was  intond(;d 
U)  reproduce  them  by  a  photo-engraving  process.  The  addition 
of  three  more  years,  since  n)ade  to  these  tables,  would  render  it 
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necessary  to  reconstruct  these  drawings,  which  cannot  now  be 
done,  at  least  for  the  first  issue  of  the  Report. 

Besides  the  statistical  details  and  generalities  above  mentioned, 
the  Report  under  notice  embraces  the  recent  legislation  of  the 
General,  the  State  and  the  Territorial  Governments,  upon  the  sub- 
ject of  timber-planting  and  other  interests  of  Forestry,  with  state- 
ments relating  to  the  operation  of  these  laws. 

It  is  a  significant  fact,  that  in  the  three  States  where  planting 
is  perhaps  of  greatest  need,  viz. :  in  Kansas,  Nebraska  and  Iowa, 
the  premiums  formerly  oftered  for  planting  trees  upon  prairie  lands 
wore,  after  a  few  years*  experience,  wholly  or  in  part,  withdrawn. 
This  should  not  be  regarded  as  a  sign  that  the  interest  in  this  sub- 
ject is  declining — but  rather  that  a  realization  of  the  necessit}'  for 
plantations  is  increasing;  and  that,  in  fact,  it  has  become  so 
evident  and  convincing,  that  it  does  not  need  a  motive,  beyond 
the  pecuniary  interest  of  the  owner  of  the  land. 

Furthermore,  these  acts,  intended  for  encouragement,  have 
ever}' where  led  to  fraudulent  claims  for  premiums  and  exemp- 
tions, the  work  of  planting  being  often  done  in  the  most  super- 
ficial and  indifferent  manner,  by  those  whose  chief  object  was  to 
secure  the  present  benefit  of  these  laws,  rather  than  the  more 
remote  but  substantial  profits  of  a  successful  timber-growth. 

In  the  state  of  Nebraska,  after  repealing  a  law  extravagantly 
liberal  in  its  provisions,  and  remaining  some  3'ears  without  any, 
the  Legislature  has  recently  enacted  a  new  statute  upon  this  sub- 
ject which,  after  the  experience  of  the  past,  may  bo  presumetl  to 
approach  more  nearly  the  standard  of  greatest  utility  at  the  least 
exjxjnse.  It  is  entitled  ''An  Act  to  encourage  the  Growth  and 
Cultivation  of  Timber  in  the  State  of  Nebraska,"  and  was  ap- 
proved February  27,  1879.     Its  leading  provisions  are  as  follows : 

The  sum  of  three  and  one-thinl  dollars  per  acre  is  to  be  paid 
annually  for  five  years  from  the  county  treasury-,  to  the  extent 
of  not  more  than  three  acres,  planted  in  belts  of  six  rows  of 
trees  running  east  and  west,  along  the  north  or  middle  section 
lines.  The  trees  are  to  be  four  feet  apart  in  the  rows,  and  the 
rows  eight  feet  apart,  the  whole  being  under  cultivation  and  in 
good  condition  during  the  time  this  bounty  is  paid. 

We  deem  this  act  altogether  too  si>eci(ic;  for  it  assumes  that 
shelter  is  neede<l  onlv  on  the  north  side  of  lands,  and  that  there 

ft. 

is  no  diversity  in  this  need.     It  is  quite  evident  that  the  aspect 
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and  circumstances  of  some  localities  might  render  protection 
desirable  from  other  points  besides  the  north,  especially  in  the 
remote  prairie  states,  that  often  suffer  from  the  dry  and  heated 
winds  from  the  southwest. 

It  would  be  better  to  leave  the  direction  and  density  of  these 
timber-belts  to  the  discretion  of  the  planter,  as  his  circumstances 
might  indicate. 

By  another  statute  of  recent  date,  the  State  of  Nebraska,  in 
imrsuancc  of  the  authority  expressed  in  its  Constitution,  now 
exempts,  from  taxation,  the  increased  value  of  lands  by  reason 
of  live-fences,  fruit  and  forest  trees  grown  and  cultivateti  thereon, 
without  regard  to  the  area  planted,  or  the  time  that  the  planta- 
tion is  maintained.  We  deem  this  a  simple  and  effectual  mode 
of  encouragement,  well  worthy  of  careful  trial  in  the  prairie  states  ; 
but  there  should  evidently  be  some  limit  to  the  period  of  exemp- 
tion, to  prevent  the  public  burdens  from  bearing  unequally  upon 
property,  for  otherwise  there  would  eventuall}'  arise  a  just  cause 
of  complaint  from  other  interests.  The  limit  might  perhaps  bo 
extended  to  the  time  when  the  plantation  would  begin  to  bring 
a  revenue  to  the  owner. 

We  may  here  remark,  that  this  accumulation  and  comparison 
of  experience  in  the  legislation  of  the  country,  for  the  benefit  of 
forest-culture,  may  prove  one  of  the  most  effectual  means  for 
bringing  about  that  uniformity  and  that  degree  of  excellence 
that  secure  the  best  results.  We  should  profit  from  experience, 
where  it  leads  to  error,  not  less  than  when  it  is  crowned  with 
success. 

Without  further  notice  of  this  second  Report,  which  will  soon  be 
before  the  public,  we  will  only  add,  that  Congress  at  its  late  ses- 
Bbn,  after  due  deliberation,  made  provision  for  the  continuance  of 
these  labors ; — that  plans  for  special  investigations  in  several 
(lepailments  of  Forestry  are  in  progress,  and  that  a  third  Report 
is  ID  course  of  preparation. 

It  will  be  seen  from  the  foregoing,  that  prominence  has  been 
given,  in  the  Report  now  in  press,  to  the  practical  interests  of  the 
lombcr  trade.  Although  the  question  of  supply  is  one  of  vital 
importance  to  the  country, — the  one  wherein  most  is  demanded, 
Und  the  only  one  in  which  the  country-  general!}'  wil4  take  great 
interest ;  it  should  be  steadily  borne  in  mind,  that  the  best  service 
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for  the  promotion  of  the  material  interests  of  Forestry  can  be 
rendered  through  the  aid  of  science.  The  prominent  duties  of 
the  branch  of  the  public  service,  having  charge  of  this  subject, 
should  therefore  be  to  advance,  by  every  means  of  inquiry  and 
research  within  its  power,  our  knowledge  of  the  laws  of  nature 
concerned  in  forest-growth,  and  carefully  to  investigate  the  various 
circumstances  that  lead  to  best  results.  We  should  have  definite 
knowledge  of  the  casualties  that  may  happen,  and  the  means  by 
which  they  may  be  mitigated  or  avoided,  and  upon  all  occasions 
seek  to  utilize  the  discoveries  of  science,  wherever  they  can  be 
applied. 

In  the  national  census  of  the  present  year,  provision  is  for  the 
first  time  made  for  a  special  investigation  of  our  forest  resources, 
and  in  the  hands  of  Professor  C.  S.  Sargent  and  his  assistants, 
we  may  expect  that  this  work  will  be  well  done. 

The  only  State  Forestry  Association,  yet  organized,  is  that  of 
Minnesota,  which  is  doing  good  service  in  the  promotion  of  tree- 
planting  in  the  prairie  regions  of  that  State.  The  project  of  a 
School  of  Forestry  has  been  proposed  in  Minnesota,  and  a  land- 
grant  for  its  endowment  has  been  asked  from  Congress, —  but 
hitherto,  as  we  understand,  without  success. 

We  deem  it  of  the  first  importance  that  a  better  knowledge  of 
the  principles  of  arboriculture  should  be  more  widely  diflfused.  It 
remains  a  question  of  the  future,  as  to  how  far  a  special  education 
in  this  branch  of  applied  knowledge  would,  at  present,  find  ade- 
quate remuneration,  unless  associated  with  capital,  and  sustained 
by  an  intelligent  appreciation  of  the  importance  of  forest  culture, 
by  those  having  money  to  invest  in  this  enterprise,  which  is  as  3'et 
too  seldom  found. 

In  speaking  of  the  results  of  associated  eflfort,  in  the  interest  of 
sylviculture,  we  should  not  fail  to  notice  our  State  Agricultural 
and  Horticultural  Societies,  many  of  which  now  recognize  the  im- 
portance of  this  subject,  and  admit  discussions  bearing  upon  tree- 
culture,  at  their  meetings  and  in  their  published  Transactions. 
This  is  particularly  the  case  in  Iowa,  where  much  prominence  is 
given  to  questions  relating  to  the  planting  of  groves  and  hedges, 
and  premiums  are  offered  tending  to  improvements  in  manage- 
ment, and  extension  of  amount  done.  In  some  of  the  older  States, 
and  especially  in  Massachusetts,  much  attention  has  been  given, 
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iu  recent  years,  to  this  subject ;  but  in  none  of  the  states  have  we 
seen  statistics  of  the  results  obtained  by  the  offer  of  these  premi- 
ums of  the  later  period. 

\Yitbin  the  last  three  years,  the  Secretary  of  the  Interior,  in 
Tvhose  Department  is  vested  the  care  of  the  Public  Lands,  has  been 
making  commendable  efforts  to  arrest  the  unlawful  cutting  of  timber 
upon  these  lands.  In  this  he  has  met  with  great  opposition  from 
interested  parties,  through  the  political  and  other  influences  that 
ihey  have  been  able  to  bring  in  Congress,  and  from  delays  in  the 
courts. 

The  shameful  extent  to  which  these  depradations  have  been 
going  on,  through  a  long  period  of  years,  and  in  fact,  until  the 
practice  had  gained  from  long  indulgence  the  semblance  of  a  right, 
m\\  hereafter  be  looked  upon  as  a  striking  evidence  of  the  barbar- 
ism of  the  age. 

These  efforts  to  repress  a  criminal  practice,  long  sanctioned  by 
custom,  have  led  to  recent  legislation  in  Congress  upon  the  timber 
question,  some  of  which  will  tend  to  inci'ease  rather  than  prevent 
the  waste  we  have  described.  We  refer  particularly  to  an  act 
passeil  two  years  since,  granting  to  the  inhabitants  of  certain  re- 
gions, where  conservation  is  of  the  first  importance,  the  unre- 
strained use  of  timber  upon  the  public  domain,  for  all  mining  and 
domestic  purposes,  without  so  much  as  the  pi-etext  of  a  report  as 
to  the  amount  taken,  the  least  check  upon  its  limit,  or  the  least 
payment  for  the  privilege.^ 

Among  these  recent  statutes  relating  to  our  public  domain,  we 
still  look  in  vain  for  the  first  indication  of  a  policy  tending  to  pro- 
vide for  future  supplies  by  reservation  of  timber  lands — except  to 
limited  extent  and  for  naval  use  alone.  We  find  no  limitation  in  the 
catting  of  small  trees,  and  no  protection  of  lands  with  the  view  of 
affording  a  new  growth  of  timber,  where  it  has  been  taken  away  ; 
niQch  less  do  we  yet  find  any  measures  for  planting  upon  the  pub- 
lic lands,  or  any  stipulations  requiring  this  to  be  done  by  settlers, 
^^<^pt  in  the  still  recent  timber-culture  acts,  that  have  as  yet 
scarcely  passed  through  the  trial  of  experience. 

The  first  of  these  timber-planting  acts  was  passed  in  1873, 
and  amendments  have  been  since  made,  as  deemed  necessary.  If 
^^ithfully  administered,  the  law  cannot  fail  to  prove  of  inestimable 

'**Ab  act  nuiboriz\ng  the  citizens  of  Colora<lo,  Nevada  and  ihcTen-itories,  to  remove 
^^roQ  the  Public  Domain,  for  mining  and  domestic  puiiioses."    Approved  June  3» 
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value  to  the  prairie  states.  According  to  this  act  as  it  now  stands, 
a  man  may  acquire- the  absolute  title  to  a  quarter-section,  or  160 
acres  of  land,  by  planting  and  cultivating  ten  acres  of  timber, 
theie  being  not  less  than  2,700  trees  to  the  acre.  The  patent  is 
not  issued  until  eight  years  after  the  claim  is  entered.  The  mode 
of  preparation  of  tlie  land  is  prescribed,  and  proof  of  successful 
planting  must  be  shown. 

According  to  the  latest  Reports,  5,157,G81  acres  had  been  entered 
under  this  act  within  three  years,  chief!}''  in  Kansas,  Dakota,  Ne- 
braska and  Minnesota.  Undoubtedly  some  of  these  lands  have 
been  taken  up  for  speculative  purposes,  and  as  little  labor  as 
possible  will  be  spent  upon  them  in  the  way  of  planting  and  im- 
provement, while  in  many  other  instances,  the  undertaking  is  as- 
sumed in  good  faith,  and  with  a  desire  to  I'ealize  as  much  profit  as 
possible  from  the  cultivation. 

Passing  from  these  statements  relating  to  American  Fore8tr3'', 
let  us  notice  some  facts  of  interest  bearing  upon  the  subject  in 
Europe.  As  is  well  known,  every  government  of  continental 
Europe  has  now  in  operation  a  system  of  forest  management,  the 
best  of  which  provides  (so  far  as  concerns  the  forests  owned  by 
general  and  local  governments,  and  b}'  institutions)  for  a  perpetual 
supply,  to  the  full  limit  of  their  capacity  for  timber-growth. 

From  this  grade  of  excellence,  requiring  a  special  education  and 
thorough  training  of  agents  for  its  maintenance,  fully  equal  to 
that  for  an}'  branch  of  the  public  service,  we  have  various  degrees 
of  efliciency  down  to  that  of  a  mere  police  regulation  for  the  preven- 
tion of  fires,  and  the  restraint  of  waste  upon  timber  on  the  public 
domain.  Yet  these  systems,  however  the}'  may  dififer  in  details, 
agree  in  this: — that  unless  the  public  interest  is  concerned,  the 
owners  of  private  estates  are  generally  allowed  to  cut  or  plant 
upon  their  own  premises,  as  their  interest  decides.  The  excep- 
tions to  this  rule  are, — along  a  frontier,  where  woodlands  are  needed 
for  the  public  defence,  the  banks  of  a  river  liable  to  inundation — 
where  materials  should  be  at  hand  for  the  construction  of  barriers, 
—  upon  mountains  liable  to  erosion  of  torrents,  or  on  drifting 
sands  on  the  seashore.  There  may  be  a  few  other  exceptions, 
but  as  a  general  rule,  the  government  does  not  often  interfere  with 
the  timber  ui)on  private  estates,  even  where  it  requires  a  notice  of 
intention  to  be  ijiven  before  clearini'  is  be^un. 

Yet  upon  these  i)rivate  lands,  large  forests  are  sometimes  grown 
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for  proQt,  and  their  management  is  often  placed  in  the  care  of 
agents  who  have  received  the  highest  grade  of  special  education 
for  this  particular  service.  Except  in  Great  Britain,  we  believe 
that  facilities  have  been  provided  for  this  special  instruction  in 
every  country  in  Europe,  either  in  academies  where  Forestry  is 
taught  alone,  or  in  institutions  where  agriculture  and  other  practi- 
cal industries  receive  a  share  of  attention. 

It  may  be  proper  to  notice  here  a  change  that  has  been  taking 

place  in  recent  years,  in  the  organization  of  these  Schools  of  For- 

estrj*  in  Europe.     In  Austria,  a  first  class  School  of  Forestry  at 

Mariabruun  was,  after  more  than  forty  years'  existence,  merged  in 

1875  in  a  High  School  of  Agriculture  and  Forestry  in  Vienna. 

In  Bavaria,  the  Central  Forest  Academy  at  Aschaffenburg,  still 

older  than  the  one  above  mentioned,  has  been  more  recently  united 

with  the  University  of  Munich,  and  discussions  tending  to  further 

changes  with  the  view  of  consolidation  are  now  in  progress  in 

other  forest  academies.     In  Prussia,  the  two  institutions  at  Ebers- 

walde  and    at  Miinden  still  maintain  a    separate  existence,  and 

the  former   has   recently  commemorated    the  fitXieth  year  of  its 

history. 

In  looking  at  the  organization  of  these  institutions,  we  notice 
a  marked  change  in  their  plan,  particularly  in  Germany.  In 
the  preparatory  studies,  and  esi>ecially  in  the  natural  sciences 
ind  in  physics,  so  far  as  they  in  the  least  concern  the  forester,  we 
find  a  more  careful  division  of  labor,  and  a  more  earnest  purpose 
to  make  these  sciences  to  their  whole  extent  avaihible  in  their 
profession,  instead  of  the  elementary  studies  in  chemistry  and 
botany  which  formerly  satisfied  the  requirements  for  graduation. 
In  all  of  these  institutions,  excursions  and  practical  exercises 
form  a  regular  feature  in  the  course  of  education,  and  microscopic 
studies  now  receive  much  more  attention  than  formerly. 

The  science  at  present  receives  a  substantial  support  from 
tarious  experimental  stations  in  Germany,  Austria,  France  and 
other  countries,  in  which  both  practical  and  scientific  questions 
tre  carefully  investigated,  and  the  results  published.  Among 
these  we  may  prominently  mention  the  Foresters'  PLxpcri mental 
Union  in  Germany,  and  the  experimental  labors  of  tiie  Austrian 
Ministry  of    Agriculture,    under    the    direction    of    Baron    von 

Seckendoi-ff. 
In  recent  years  much  interest  has  been  manifested  among  in- 
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vestigators  in  Europe,  in  determining  by  instrumental  observa- 
tions, made  at  comparative  stations  in  the  open  fields  and  in  the 
forests,  the  influence  of  the  latter  upon  the  atmosphere  in  their 
vicinity,  and  upon  the  climate  of  the  country  generally. 

That  forests  tend  to  render  the  climate  of  a  country  colder  and 
more  liumid,  has  been  known  from  general  observation  for  many 
centuries  ;  and  tlie  climate  of  Gaul,  as  described  by  Julius  Csesar, 
compared  with  that  of  France  at  the  present  day,  has  been  often 
cited  as  an  instance  of  this  fact.  Yet  it  is  only  within  a  very 
recent  period  that  anything  like  a  full  and  systematic  comparison 
has  been  attempted  by  instrumental  observations  J 

In  selecting  the  location  of  these  stations,  one  set  of  instruments 
is  i)laced  in  the  open  fields,  and  the  other  in  the  woods,  the  former 
being  as  much  as  possible  free  from  the  influence  of  the  forest, 
and  the  latter  fully  under  its  protection.  Caro  is  taken  that  the 
soil,  altitude  and  other  circumstances,  except  the  forest-shade,  are 
alike. 

Their  outfit  generally  consists  of  open-air  thermometers  — 
psychrometers  —  rain  and  snow  gauges,  barometers,  wind-vanes, 
and  instruments  for  observing  the  evaporation  from  surfaces 
variously  covered  as  compared  with  a  free  water  surface  —  the 
percolation  of  water  through  various  soils,  ozone  records,  and 
observations  upon  the  periodical  ])hcnomcna  of  animal  and  vege- 
table life  generally,  so  far  as  influenced  by  the  seasons.  In  some 
cases  the  temperature  of  the  interior  of  trees  is  recorded,  and  in 
some  of  the  later  systems  of  observation,  it  has  been  proposed  to 
ascertain  the  temi)erature  and  humidity  not  only  at  the  level  of 
the  trco-toi)S,  but  at  a  considerable  height  above  them,. the  latter 
being  obtained  by  the  aid  of  masts,  and  b^'  captive  balloons  that 
admit  of  the  elevation  of  instruments. 

Without  going  into  details  of  the  results  of  these  observations, 
we  may  here  remark,  that  records  more  or  less  complete  in  their 
plan  have  been  established  as  follows  :  — 

In  Saxoni/^  since  18G2-3,  under  the  direction  of  Professor 
Krutzsch,  of  Tharand,  at  nine  stations,  embracing  records  of 
teini)erature,  humidity,  rain,  snow,  etc. 

In  Bavaria^  since  18G8,  seven  stations  have  been  established 

'An  account  of  Investigations  in  this  line  down  to  1872  was  published  in  that  year 
by  the  Raion  von  LOffelhoHzColberg,  under  the  title  of  "  JHe  liedtutung  und  }Vichtig* 
keit  des  WttUles:* 
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under  Dr.  Ernst  Eberraayer,  who  in  1873  published  very  fully  the 
results  of  four  years'  records,®  and  in  1876  another  work  upon  the 
formation  of  soil  from  the  litter  of  woodlands,  and  the  chemical 
statics  of  forest  culture.^  It  was  his  intention  at  the  end  of  ten 
years  to  publish  the  results  of  that  period  in  more  extended  form, 
but  his  recent  removal  from  Aschaffenburg  to  Munich  has  appar- 
ently postponed,  if  it  has  not  disappointed,  thig  expectation. 

In  Prussia^  a  system  of  observations,  nearly  similar  to  those  in 
Bavaria,  was  begun  in  1874  under  Professor  A.  Miittrich,  of 
Eberswalde,  and  now  includes  fourteen  stations  in  Prussia, 
Brunswick  and  Alsace-Lorraine.  The  results  are  published 
monthly  ^^  and  annually,^^  and  a  careful  study  of  so  much  as 
relates  to  the  temperature  of  the  soil  has  recently  appeared. ^*^ 

In  France^  observations  upon  the  rainfall  in  the    woods  and 

open  fields  were  made  under  the  direction  of  Marshal  Vaillant, 

in  1866,  near  Paris,  and  published  in  the  Atlas  Meteorologique  of 

the  Imperial  Observatory  of  Paris  for  1867.     In  the  same  3'ear, 

observations  of  more  extended  character  were  commenced  at  two 

forest  stations  and   one   agricultural   station  in   the  vicinit}'  of 

Nancy,   near   the   eastern   border   of    France,   by   Professor   A. 

Mathieu   of  the   school  of  Forestry  at  Nancy,  and   have   since 

been  continued.     A  summary  of  eleven  3ears'  observations  was 

published  in  1878.13 

Upon  a  general  suggestion  of  the  Congress  of  Agriculturists 
and  Foresters  at  Vienna,  in  1873,  M.  Fautrat,  a  sub-inspector 
in  the  French  Forest  Service,  with  the  approval  and  aid  of  the 
Department,  established  two  stations  for  comparative  observa- 
tions, one  in  the  deciduous  forest  of  Halattc  near  Fleurines,  and 

•Die  physiknlischen  Einwirkungen  des  WaMcs  auf  Liift  und  lloden,  iind  seine 
kHmatologische  und  bygienische  Bedeutung,  1  Vol.,  8vo,  pp.  2<J6  and  2ol  (with  an 
atlas).   Berlin.  1873. 

*Die  gcsammto  Lehre  den  Waldstreu,  mit  RUckslcht  auf  die  chemiachc  Statik  des 
^aMb.iuc5. 1  Vol.,  8vo,  pp.  300  and  IIG.    Berlin.  1870. 

'*fieobachtungs  Ergebnisseder  im  Kunigreich  Preussen.im  Ilerzogthnm  Braunsch- 
^*i«?  nnd  in  dea  Reichslunden  cingerichetcten  foratlicli-nieteorologiijcbcn  btalioneii, 
*  bis  5  Jjihr^'ang.  187.>-1879. 

"  Jahrcsbcricht  liber  die  Bcobachtungs-Ergebnisse  der  im  KOni^rcich  Prcussen  und 
'"den  tieirhslnnden  eingcricbtcten  forstlich-meleoiologischeu  Statioucn.  1  bis  4  Jabr- 
^/?.  1875-1878. 

"Beobachtungcn  der  Erdbodentemperatur  auf  den  forstlicb-meteorologischen 
"^tionen,  in  Prensscn,  Braunschweig  und  Elsass-Lotbiingen.  Von  A.  Miittrich.  Sep- 
•fat-Abdruck,  ans  dor  Festschrift  zur  SO  Jahrigcn  Jubelfcier  der  Forstakadcmie, 
^berswaJdc.    4to.    pp.  33.    Berlin,  1880. 

"Miteorologie  Compar^e,  Agi-icole  ct  Forcstifere,  4to,  Paris,  pp.  70.  Published  by 
^Forest  Administration,  in  conuection  with  the  Paris  Exposition  of  1878. 
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the  other  in  a  forest  of  the  Finns  s^jlvestris^  near  the  village  of 
Thiers.  The  former  began  in  P^ebruary  1874,  and  was  continued 
four  years  ;  the  latter  began  in  June  1875,  and  was  continued  three 
years.  The  results  have  been  published  by  the  French  Forest 
Administration. ^"^ 

In  SwitzerlanfU  observations  were  established  in  1868  at  three 
stations,  by  the  Forest  Administration  of  the  Canton  of  Bern,  and 
the  results  have  since  been  published  monthly  in  detail. ^^  One 
of  those  stations  is  in  a  forest  of  beech,  another  of  fir,  and  an- 
other of  larch.  The  observations  npon  periodical  phenomena, 
made  at  numerous  stations  in  the  Canton  of  Bern,  under  the 
same  auspices,  are  published  annually. ^^ 

In  Austria,  a  plan  of  observations  in  Forest  Meteorology  has 
been  prepared  by  Dr.  Jos.  II .  Lorenz,  and  adopted  as  a  part  of 
the  experimental  system  of  researches  under  the  general  direction 
of  Baron  von  Seckendorff,  and  under  the  authority  of  the  Min- 
istry of  Agriculture.  The  plan  is  very  comprehensive  and  in- 
cludes souic  features  not  found  in  other  systems. 

In  Su't'den,  two  scientific  stations  have  been  established  by  the 
government,  one  at  Upland  in  the  southeastern  part,  and  the  other 
at  Skaarsborg.  They  have  been  in  existence  some  three  or  four 
years,  but  we  have  not  met  with  an}'  publication  of  the  results. 

In  Itah/^  similar  observations  are  being  made  at  one  or  two 
stations  under  the  direction  of  Dr.  di  Beranger,  Director  of  the 
School  of  Forest rv  at  Vallombrosa. 

In  Bohemia,  a  S3'stem  of  meteorological  observations  has  been 
recentl}'  established  under  the  auspices  of  the  Bohemian  Forest 
Society  ;  and  mainl}-  in  the  interests  of  Forestry,  which  is  very 
comprehensive  in  its  plan,  embracing  a  wide  range  as  to  elevation 
and  exi)osure.  So  far  as  published,  these  records  relate  to  the 
rainfall  only,  the  observations  being  made  by  employes  of  the 
Forest  Administration  of  the  country. 

The  lunnber  of  stations  at  the  beginning  in  January,  1879,  was 
570,  and  at  the  end  of  the  first  year,  it  had  increased  to  G89.  In 
February  of  the  present  year,  the  number  was  712.     The  results 

»«  Observations  Meteorolog^iqucs.  Faites  de  1874,  d  1878,  par  M.  Fautrat.  4to.  pp.  4 
(with  eight  iinges  of  plates). 

>^  IJeobat'htungH-Ergcbnisse  der  ini  Kanton  Bern  zu  forstlichen  Zwecken  errich- 
etcten  nioleovtdogischen  Stationen. 

^*  KHinatoIo^'iiiichc  nnd  Phiinologische  licobachtungcn  (Observations climatologiqucs 
et  Ph(-))ologiqucs)  im  Cantou  ncrn,  4to. 
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are  published  monthly  in  detail,  ^^  but  as  yet  without  attempt  at 
generarizalion  beyond  the  monthly  means  and  totals.  The  s}- stem 
is  under  the  care  of  Dr.  Emanuel  von  Purkyne,  a  professor  in  the 
Forest  academy  of  Weisswasser,  and  cannot  fail  of  proving  val- 
uable to  the  country  and  to  the  world,  by  making  us  better  ac- 
quainted with  the  laws  that  govern  the  rainfall  in  a  wooded 
country,  and  the  circumstances  that  determine  the  amount. 

Special  investigations  concerning  the  temperature  of  the  earth 
at  different  depths  below  the  surface,  and  under  various  conditions, 
have  been  made  in  Russia  and  elsewhere.  These  have  more  or 
less  relation  to  forest-meteorology ;  and  in  several  of  the  experi- 
mental stations  now  in  operation,  the  results  will  contribute  to 
a  further  knowledge  of  this  important  subject, 

We  regret  that  hitherto  so  little  has  been  done  in  our  own 
country  for  the  determination  of  the  relations  between  the  forests 
and  the  climate  by  direct  comparative  observations.  With  the 
exception  of  a  few  desultory'  records  of  temperature  and  rain- 
fall, we  are  not  aware  that  anything  has  yet  been  attempted  for 
this  object,  at  any  institution,  or  by  any  observer  in  America. 
The  greater  general  dryness  of  our  atmosphere,  and  differences 
in  our  prevailing  winds,  appear  to  render  the  application  of  any 
general  laws  derived  from  European  records  vmy  unreliable  with 
us,  and  we  never  can  have  a  certain  knowledge  of  these  laws  as 
they  operate  in  our  country,  until  they  shall  have  been  determined 
from  observations  of  our  own. 

The  International  Statistical  Congress  held  at  Budapest  in 
September,  1876,  the  Meteorological  Congress  at  Rome  in  1877, 
and  various  conventions  held  by  Agriculturists  and  Foresters  in 
recent  j^ears,  have  had  under  discussion  questions  relating  to  the 
agricultural  and  industrial  interests  dependent  upon  climatic 
changes,  and  the  extent  to  which  these  are  modified  by  the  wood- 
lands of  a  country,  and  it  is  to  be  hoped,  that  effectual  cooperation 
in  these  researches  will  ere  long  be  rendered  bv  American  investi- 
gators. 

Amons:  the  recent  researches  concernin<2:  the  influence  of  forests 
upon  the  amount  of  water  in  wells,  rivers  and  streams,  and  inci- 

"OmbrometriecheBeobachtungen  dervom  BOhmischen  Foi>tvcrcine  in  den  Forstcn 
Bohment  in  verschiedencn  Sechohen  und  Expositionen  erriehtetcn  Stntionen.  llcr- 
*o*pal>cn  von  der  Forsllehranstalt  Weisswasser.  Zusanimcnpcstellt  und  redigicrt  von 
^•Emanel  too  PurkynC,  Professor  an  der  Forstlehranstalt  Weisswasser.  Prague, 
^to  (in  monthlj  iiarts). 
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dentally  the  effect  of  woodlands  in  maintaining  the  amount,  we 
ma}'^  notice  as  particularly  worthy  of  attention,  the  publications 
of  Counsellor  Gustavus  Wex,^^  overseer  of  the  works  of  improve- 
ment in  the  Danube,  at  Vienna.  These  memoirs  are  not  onl}'  of 
interest  from  the  facts  that  they  embody,  but  also  for  their  cita- 
tions to  other  works,  making  them  in  some  degree,  a  bibliography 
of  the  subject.  They  have  been  referred  to  commissions  appointed 
by  various  academics  of  science,  and  the  conclusions  that  they 
present  have  been  approved  by  the  highest  authorities.  They  in 
fact  confirm,  by  numerical  statements,  the  observations  of  every 
one  who  has  had  an  opportunity  to  notice  the  amount  of  water 
flowing  in  streams  before  and  after  the  clearing  of  the  district  in 
which  they  rise,  and  through  which  they  run.  This  amount  affects 
the  interests  concerned  in  the  hydraulic  power  of  the  larger 
streams,  the  supply  of  water  to  cities,  and  the  navigation  of  rivers 
and  canals. 

As  this  diminution  of  water-supply  is  the  result  of  man's  acts, 
80  also  in  a  great  degree  is  the  remed}'  of  control  within  his  power, 
and  by  means  of  planting  and  with  reservoirs  he  can  often  recover 
and  maintain  the  advantages  lost,  perhaps  as  fully  as  they  existed 
under  the  primeval  forests. 

Among  the  m(?ans  for  the  advancement  of  forest-science  in 
Euroi)c,  we  might  mention  as  worth}-  of  notice,  the  growing  inter- 
est in  various  societies  and  associations,  formed  for  the  discussion 
of  new  questions  as  they  arise,  the  comparison  of  experience,  and 
the  promotion  of  that  personal  acquaintance  so  conducive  to  the 
general  welfare.  These  meetings  are  usually  enhanced  in  interest 
by  excursions  to  forests  affording  an  illustration  of  methods,  or 
other  subjects  of  practical  interests.  The  more  important  of 
the  essays  and  discussions,  which  these  meetings  call  out,  are  pub- 
lished with  their  official  proceedings,  and  through  the  medium  of 
these  publications,  and  the  various  journals  of  forestry,  the  more 
important  discoveries  become  widcl}'  know^n. 

Returning  to  the  original  resolution  under  which  the  Committee 
upon  Forestry  was  api)ointcd  b}'  this  Association,  in  1873,  there 

1*  Veber  die  Wasserabnahmc  in  den  Qitellen,  Fliissen  und  Strdmen,  bH  glelchzctiiffer 
Steigerung  der  Ilochwdsstr  in  den  Culturldmlern,  von  GC8TAVU8  Wex,  K.  K.,  MiDiste- 
lialrath  uml  Obfjiautier  dcr  Donauregulirung  bci  Wiou.    4to,  pp.  43,  with  7  plates. 

Zweite  Ahluindlung,  etc.,  4to.  pp.  30,  with  0  plates. 

There  arc  separate  imprints  from  the  Zeitschrift  des  osiirreichischen  IngenieuTt 
und  ArchUiktiU-  Vcrdus,  ljl73  and  1S70. 
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remains  to  be  considered  one  subject  that  claims  our  careful  con- 
sideration. 

With  the  exception  of  a  communication  from  its  chairman  to 
the  New  York  Legislature,*'  and  one  of  like  import  b}'  Col. 
Whittlesey,  another  member,  to  the  Ohio  Legislature,  no  action 
has  thus  far  been  taken  by  this  Committee  towards  bringing  the 
subject  to  the  attention  of  our  State  Legislatures.  This  delay 
has  in  part  arisen  from  an  uncertainty  as  to  how  far  a  State  Gov- 
ernment may,  witli  any  prospect  of  success,  enact  laws  tending  to 
secure  efficient  planting  upon  private  lands. 

In  European  countries  where  forest  systems  have  been  in  full 
force  for  centuries,  it  is  only  within  a  quite  recent  period,  that  the 
owners  of  a  minority  interest  in  a  large  and  connected  body  of 
woodlands,  could  be  compelled  to  join  a  controlling  majority,  in 
assisting  to  maintain  a  system  of  management  under  one  direc- 
tion, the  costs  and  profits  of  forest  management  being  shared  in 
proportion  to  the  proprietary  rights.  It  is  still  almost  invariably 
the  rule,  that  the  owners  of  private  woodlands  have  a  full  right  to 
manage  them  as  their  interests  lead,  excepting  in  cases  where  the 
public  welfare  is  concerned,  and  it  is  the  universal  experience  of 
all  countries  that  the  owners  of  the  soil  arc  jealous  of  interference 
with  what  they  regard  as  their  rights,  in  the  cultivation  of  their 
own  land. 

This  is  particularly  true  in  our  own  country,  where  ^^  Liberty 
nnd  Independence**  have  been  the  watchwords  from  the  beginning, 
and  where  the  widest  range  of  freedom  is  allowed  in  the  enjoy- 
ment of  eveiy  kind  of  property,  provided  only  that  no  injury'  is 
done  to  the  public,  or  to  the  rights  of  others. 

We  cannot  therefore  entertain  the  idea  of  an  edict  that  every 
man  shall  plant  a  given  portion  of  his  land  with  forest-trees.  Our 
people  must  be  educated  to  a  knowledge  of  the  situation,  and  fa- 
miliarized with  the  means  by  which  benefits  may  be  gained,  or 
injuries  avoided.  With  the  great  majority,  the  effect  of  scarcity 
upon  the  market  prices  of  lumber  will  be  of  more  interest  than  the 
influence  of  forests  upon  the  climate  ;  and  the  public  generally  will 
give  more  attention  to  questions  of  gain  or  loss,  than  to  all  that 
science  teaches  about  the  hidden  causes  that  produce  these  results. 

We  accordingly  deem  it  best  only  to  recommend  a  series  of 
measures  tending  to  familiarize  our  people  with  ideas  of  the  im- 

"  Senate  Docnmcut,  82, 1875. 
A.  A.  A.  8.,  TOL.  XXIX.  4 
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portance  of  forest  culture,  and  to  make  them  better  acquainted 
with  the  means  by  which  its  advantages  may  be  secured.  It  may 
be  reasonably  hoped,  that  public  opinion  will  by  these  means  be 
led  to  sustain  such  other  measures  as  further  experience  may 
warrant  or  suggest. 

The  following  form  of  a  Memorial  is  therefore  submitted  for 
your  consideration.  If  approved,  we  would  suggest  that  it  be 
forwarded  in  duly  authenticated  form,  as  the  recommendation  of 
this  Association,  to  the  chief  executive  ofl3cer  of  each  State  and 
Territor}'  of  the  United  States,  with  a  request  that  the  same  may 
be  submitted  to  the  several  Legislatures. 

And  your  Committee,  having  now  served  for  seven  years,  and 
performed  their  duty  to  the  best  of  their  ability  and  opportunity, 
ask  to  be  discharged. 

Franklin  B.  Hough. 

Lewis  H.  Morgan. 

Asa  Grat. 

Charles  Whittleset, 


MEMORIAL. 

To  His  Excellency 

The  Oovemor  of 

The  American  Association  for  the  Advancement  op  Science, 
at  its  meeting  held  in  Boston,  on  the  30th  day  of  August,  1880, 
having  considered  and  adopted  the  following  Memorial,  has  in- 
structed the  undersigned  to  transmit  the  same  to  Your  Excel- 
lency, and  respectfully  ask  that  it  may  be  laid  before  the 
Legislature  of  j'our  State,  at  its  next  session. 

Memorial  of  the  American  Association  for  the  Advancement  of 
Science,  in  relation  to  the  J^eed  of  Attentioji  to  our  future 
Forest  Supplies. 

To  the  Honorable  the  Legislature 
OF  THE  State  of 

We  would  earnestly  invite  the  attention  of  j'our  Honorable 
Bod}',  to  the  great  and  increasing  importance  of  providing  by 
adequate  Legislation,  for  the  protection  of  the  existing  Woodlands 
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of  the  country  against  needless  waste,  and  for  the  encouragement 
of  measures  tending  to  the  more  economical  use,  and  the  proper 
maintenance  of  our  Timber  Supply. 

It  is  evident  that  the  consumption  and  waste  of  the  Forests  of 
the  country  much  exceed  their  restoration  by  natural  growth,  that 
the  native  supply  of  Timber  of  the  better  qualities  is  rapidly  be* 
coming  less,  and  that  the  demand  for  building  purposes,  man* 
ufactures  and  other  uses,  is  rapidly  increasing  from  year  to  yesac. 

This  decreasing  supply,  and  growing  consumption,  must  una- 
voidably lead  to  serious  inconvenience,  and  may,  unless  season- 
ably prevented,  occasion  great  public  injury,  by  leaving  the  future 
without  adequate  supplies. 

We  deem  it  an  established  fact,  that  the  interests  of  Agriculture 
are  promoted  by  the  presence  of  a  due  proportion  of  Woodlands 
in  a  country,  and  that  they  suffer  when  clearings  are  carried  to 
excess.  The  protection  which  they  afford  appears  to  mitigate,  in 
a  sensible  degi-ee,  the  vicissitudes  of  Climate,  and  to  maintain  the 
supply  of  water  in  springs,  rivulets  and  wells.  They  shelter  a 
country  from  injurious  winds,  and  may  be  made  practically  useful, 
in  preventing  the  drifting  of  snows  and  sands,  in  preventing  or 
diminishing  damages  from  torrents,  and  in  limiting  unhealth}' 
emanations  from  marshes.  Their  influence  in  connection  with 
questions  of  water-supply  for  cities,  and  the  maintenance  of  hy- 
draulic power,  and  of  navigation  in  rivers  and  canals,  where  these 
may  be  affected  by  droughts,  deserves  serious  attention. 

But  it  is  especially  to  the  Woodlands,  as  a  source  for  supplying 
materials  of  first  necessity  to  the  country,  that  we  would  respect- 
folly  iuvite  the  attention  of  your  Honorable  Body ;  and  here  we 
would  remark,  that  a  realizing  sense  of  the  importance  of  this 
subject  has  long  since  led  the  principal  governments  of  Europe 
to  enact  laws,  and  establish  regulations  for  the  maintenance  of 
a  due  proportion  of  Forests  upon  their  Public  Domains,  and  upon 
the  lands  belonging  to  Local  Municipalities  and  Public  Insti- 
tutions. 

We  are  aware  that  wide  differences  exist,  in  the  tenure  of  land, 
in  the  United  States,  as  compared  with  those  of  Europe,  and 
that  the  titles  to  landed  property  are  here  very  generally  vested 
in  their  owners,  without  any  conditions  whatever  as  to  Timber 

Culture. 
It  is  also  time  that,  in  most  of  the  older,  and  in  some  of  the 
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newer  States,  tliere  are  no  lands  whatever,  adapted  to  tliis  use, 
now  belonj^ino:  to  either  the  State  or  the  Local  Governments — the 
whole  being  owned  by  private  citizens,  and  subject  to  no  con- 
ditions, but  such  as  their  Representatives  in  a  Legislative  capacity 
may  establish  for  the  general  welfare. 

It  is  to  the  Owners  of  the  Laud,  that  we  must  therefore  look 
for  the  adoption  of  measures  tending  to  avert  the  injuries  in  pros- 
pect ;  and  in  furtherance  of  this  end,  we  deem  it  within  the  prov- 
ince of  a  State  Legislature  to  encourage  the  enterprise,  which  may 
be  done  in  a  goo<l  degree  in  the  following  manner : 

1.  By  a  Law  protecting  Trees  planted  along, the  Highways,  and 
by  encouraging  such  plantations  b}'  deductions  from  Highway 
Taxes.  It  may,  in  particular  cases,  be  proper  to  require  such 
plantations  to  be  made  at  the  public  expense,  with  the  view  of 
protecting  roads  from  drifting  snows,  or  for  other  local  benefits, 
and  in  a  manner  best  calculated  for  securing  these  objects. 

2.  B3'  a  Law  that  shall  exempt  from  taxation  the  increased 
value  of  land,  from  the  planting  of  trees,  where  none  were  grow- 
ing, for  such  period  as  may  appear  proper,  or  until  some  profit 
may  be  realized  from  the  plantation. 

3.  By  the  appropriation  of  money  to  Agricultural  and  Horti- 
cultural Societies,  to  be  applied  as  premiums  for  tree-planting, 
regard  being  had  to  greatest  areas  planted,  and  the' most  suc- 
cessful management.  Reports  should  be  required,  giving  details 
of  the  methods  found  most  effectual  in  obtaining  these  results. 

4.  By  prizes  for  the  best  Essays  and  Reports  upon  subjects 
of  practical  Forest-culture,  to  be  awarded  by  competent  Judges, 
and  those  approved,  to  be  published  for  distribution  among  those 
who  would  be  the  most  benefited  by  this  information. 

5.  By  encouraging  Educational  Institutions  within  the  State  to 
introduce  a  course  of  instruction,  having  reference  to  practical 
sylviculture.  This  object  may  be  promoted  b}'  the  aid  of  Collec- 
tions, and  by  correctly  labelled  Plantations  of  the  various  species 
of  Forest  Trees  adapted  to  the  soil  and  climate.  At  Agricultural 
Colleges,  and  at  higher  Institutions  of  Learning,  stations  might 
be  advantageously  established  under  State  patronage,  for  experi- 
ments and  observations  in  cultivation  and  acclimatization.  The 
distribution  of  seeds  and  plants  affords  a  direct  and  eflflcient  aid, 
in  tlie  promotion  of  an  interest  in  this  subject. 

G.    By  laws  tending  to  prevent  Forest-fires,  by  imposing  penal- 
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ties  against  the  wilful  or  careless  setting  of  such  fires,  and  b}'^ 
enlarging  and  defining  the  powers  of  Local  OflScers  in  calling  for 
assistance,  and  in  adopting  measures  for  suppressing  thera.  The 
waste  from  this  cause,  in  some  years,  greatly  exceeds  the  amount 
of  timber  used,  and  there  is  no  question  connected  with  forest 
supplies,  that  demands  more  serious  attention.  Our  main  reliance 
appears  to  depend  upon  vigilant  precautions,  enforced  by  adequate 
penalties,  and  sustained  by  a  strong  public  sentiment. 

7.  Under  favorable  circumstances,  Model  Plantations  might  be 
established  and  maintained  by  a  State  Government,  under  the  care 
of  persons  specially  trained  to  the  profession  of  Forestry.  Their 
location  should  be  chosen  with  a  view  of  aflbrding  convenient  op- 
portunity to  those  who  might  wish  to  learn  approved  methods  of 
management,  by  the  study  of  a  work  worthy  of  imitation. 

8.  The  appointment  of  a  Commission  of  Forestry  under  State 
authority  (analogous  to  the  Commission  of  Fisheries  in  many  of 
the  States)  might  prove  of  great  service  in  promoting  efiScient 
measures  for  the  advancement  of  this  interest.  The  Members  of 
such  a  Commission,  who  would  doubtless  be  selected  on  account  of 
their  influential  standing,  and  their  known  intelligence  upon  this 
subject,  would  be  able  to  study  the  conditions  and  requirements 
of  their  State,  and  devise  means  for  most  eflectually  securing  the 
object  in  view. 

In  tho  questions  arising  upon  this  subject,  we  depend  much 
upon  the  intelligence  of  our  fellow  citizens,  who  are  generally  not 
slow  to  appreciate  advantages,  or  to  foresee  a  real  danger  where 
the  indications  are  apparent.  When  this  danger  is  fully  realized, 
we  believe  that  no  time  will  be  lost  in  seeking  to  apply  the  remedy. 
The  measures  we  recommend  will  tend  to  awaken  an  interest  in 
the  subject,  and  lead  to  an  intelligent  understanding  of  the  means 
for  meeting  the  dangers  that  may  arise  from  undue  exhaustion 
of  our  forest  supplies.  They  will  diffuse  the  benefits  gained  by 
experience,  for  the  good  of  all,  and  educate  public  opinion  to  a 
<]egree  that  will  sustain  more  energetic  measures,  as  their  ne- 
<^^ity  may  be  hereafter  more  fully  known. 

Chairman  of  the  Committee^ 

A.  A.  A.  S. 


Report  of   Committee  on  SctExcE  Teaching  in  the  Public 
Schools. 

The  Committee  appointed  at  the  Saratoga  Meeting  of  the 
American  Association,  on  Science  Teaching  in  the  Public  Schools, 
respectfully  submit  the  preliminary  Report. 

The  repeated  appointment,  by  this  body,  in  successive  years,  of 
committees  to  look  into  the  scientific  education  of  the  public 
schools,  must  be  taken  as  showing  that  such  an  inquir}'  is  regarded 
as  both  legitimate  and  important.  Yet  the  duties  of  such  a  com- 
mittee have  not  been  defined  by  the  Association,  nor  have  an}'  of 
our  predecessors  opened  the  way  to  a  consideration  of  the  subject. 
It  was  probably  expected  that  we  would  furnish  a  digest  of  infor- 
mation from  many  quarters,  as  to  what  sciences  are  taught  in  the 
public  schools,  with  what  facilities,  and  to  what  extent ;  accom- 
panied by  such  recommendations  regarding  the  increase  of  scien- 
tific studies  as  the  results  might  suggest.  But  our  course  has  not 
proved  to  be  so  clear.  We  have  been  arrested  at  the  outset  by  a 
question  of  the  quality  of  the  science  teaching  in  these  schools 
which  demands  the  first  consideration.  There  arc  certain  radical 
deficiencies  in  current  science  teaching,  the  nature  and  extent  of 
which  must  be  understood  before  any  measures  of  practical  im- 
provement can  be  intelligently  taken  up.  We  shall  here  confine 
ourselves  to  this  preliminary  inquiry. 

The  investigation  has  interest  from  the  immense  extent,  and 
rapidly  increasing  influence,  of  the  American  public  schools.  There 
are  now  nearly  a  hundred  and  fifty  thousand  of  these  schools,  sup- 
ported at  an  annual  expense  of  probably  seventy  or  eight}'  million 
dollars.  Maintained  by  state  authority,  they  are  firmly  established 
in  the  respect  and  confidence  of  the  community.  Under  the  in- 
fluence of  normal  schools,  teachers'  institutes,  systematic  super- 
iotendence,  school  boards,  regulative  legislation,  and  an  extensive 
literature  devoted  specially  to  education,  they  have  become  organ- 
ized into  a  system  which  is  gradually  growing  settled  and  unified 
in  its  methods.  With  unbounded  means  and  unlimited  authority, 
these  schools  have  undertaken  to  form  the  mental  habits  of  the 
great  mass  of  the  youth  of  this  country.  They  prescribe  the 
subjects  of  study,  the  modes  of  stud}^  and  the  extent  and  dura- 

(55) 
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tioii  of  studies  for  all  the  pupils  that  come  under  their  charge. 
The  sphere  of  their  operations  is,  moreover,  steadily  extending. 
They  are  everj^where  encroaching  upon  the  province  of  higher 
education,  everywhere  trenching  upon  private  schools  and  dimin- 
ishing the  interest  in  home  education. 

It  may  be  assumed  that  the  time  has  fully  come  when  this  system 
must  be  measured  b}'  the  standards  of  science,  and  approved  or 
condemned  by  the  degree  of  its  conformity  to  what  these  standards 
require.  Science  has  become  in  modern  times  the  great  agency 
of  human  amelioration,  the  triumphs  of  which  are  seen  on  every 
hand  and  felt  in  all  experience.  Grave  subjects  are  brought  suc- 
cessively under  its  renovating  and  reconstructive  influence ;  and 
latest  and  most  imi)ortant  among  them  is  the  subject  of  education. 
Our  inquiry  now  is  how  far  the  public  school  system  has  availed 
itself  of  the  valuable  aid  that  science  offers  in  the  proper  culti- 
vation of  the  minds  of  the  young. 

The  interest  and  necessity  of  such  an  investigation  will  hardly 
be  denied  ;  but  there  may  be  a  query  as  to  its  relevancy  to  the 
appropriate  work  of  this  society.  The  making  of  science  popular 
was  not  among  the  objects  for  which  our  association  was  formetl. 
Not  that  its  founders  were  unmindful  of  the  importance  of  widely 
diffusing  the  results  of  research ;  but  they  recognized  that  the 
interests  of  science  are  so  vast,  as  to  be  only  efficiently  promoted 
by  division  of  labor.  Under  the  operation  of  this  principle  it  was 
made  the  distinctive  purpose  of  the  association  to  contribute  to 
the  extension  of  original  science  by  the  discovery  of  new  scientific 
truth,  leaving  its  dissemination  to  the  schools,  the  press,  and  the 
various  agencies  of  public  enlightenment.  Nor  does  your  coiu- 
mittee  understand  that  it  is  now  proposed  to  depart  from  this 
policy ;  for  the  inquiry  before  us  is  really  most  pertinent  to  our 
special  objects.  It  certainly  cannot  be  a  matter  of  indifference  to 
this  body,  from  its  own  point  of  view,  how  science  is  dealt  with 
in  the  great  system  of  schools  which  has  undertaken  the  task  of 
moulding  the  youthful  mind  of  the  country.  We  aim  to  advance 
science  by  the  promotion  of  original  investigation,  ^vhieh  de|)ends 
u[>on  men  prepared  for  the  work  ;  do  the  schools  of  the  nation,  by 
their  modes  of  scientific  study,  favor  or  hinder  this  object?  Do 
they  foster  the  early  mental  tendencies  that  lead  to  original 
thought ;  or  do  they  thwart  and  repress  them  ?  We  have  an  un- 
doubted concern  in  this  matter,  and  it  is,  moreover,  strictly  idcu- 
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tical  with  that  of  the  community  at  large;  for  there  can  be  no 
better  test  than  this  of  the  real  character  of  a  school  system. 
When  we  ask  whether  a  mode  of  teaching  and  a  manner  of  study 
are  calculated  to  awaken  the  spirit  of  inquiry,  to  cultivate  the 
habit  of  investigation,  and  rouse  independent  thought,  our  ques- 
tion goes  to  the  root  of  all  true  education. 

All  sciences  are  the  products  of  a  method  of  thinking,  and  it  is 
that  method  which  concerns  us  when  we  propose  to  regard  it  as  a 
means  of  mental  cultivation.  Science  is  an  outgrowth  of  common 
knowledge,  and  the  scientific  method  is  but  a  development  of  the 
onlinary  processes  of  thought  that  are  employed  by  everybody. 
The  common  knowledge  of  people  is  imperfect  because  their  ob- 
8er>'ation8  are  vague  and  loose,  tlieir  reasoning  hasty  and  careless, 
their  minds  warped  by  prejudice  and  deadened  by  credulity,  and 
because  they  find  it  easier  to  invent  fanciful  explanations  of  things 
than  to  discover  the  real  ones.  For  thousands  of  j'ears  the  knowl- 
edge of  nature  was  i*ude  and  stationary  because  the  habits  of 
thought  were  so  defective.  But  with  a  growing  desire  to  under- 
stand how  the  world  around  is  constituted,  men  improved  their 
processes  of  thinking.  They  began,  and  were  compelled  to  begin, 
by  questioning  accepted  facts,  and  doubting  current  theories. 
The  first  step  was  one  of  self-assertion,  implying  that  degree  of 
mental  independence  which  led  men  to  think  for  themselves. 
They  learned  to  make  their  own  observations  and  to  trust  them 
against  authority.  It  was  found,  as  a  first  and  indispensable 
condition  of  gaining  clear  ideas  that  the  mind  must  be  occupied 
directly*  with  the  subject  to  be  investigated.  In  this  way  scien- 
tific inquiry  at  length  grew  into  a  method  of  forming  judgments 
which  was  characterized  by  the  most  vigilant  and  disciplined 
precautions  against  error.  Of  the  mental  processes  involved  in 
research  it  is  unuecessaiy  here  to  speak ;  we  are  only  concerned 
to  know  that  the  scientific  method  is  simply  a  systematic  exercise 
in  trutli-seeking,  and  is  the  onl}'  mode  of  using  the  human  mind 
when  it  is  desired  to  attain  the  most  accurate  and  perfect  form  of 
knowledge.  The  whole  body  of  modern  scientific  truth,  disclosing 
the  order  of  nature  and  guiding  the  development  of  civilization, 
most  be  taken  as  an  attestation  of  the  validity  of  the  scientific 
method  of  thought  by  which  these  results  have  been  established. 
We  here  get  rid  of  all  cramping  limitations.  The  scientific 
ineUiod  is  applicable  to  all  subjects  whatever  that  involve  con- 
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stancy  of  relations,  causes  and  effects,  and  conform  to  the  opera- 
tion of  law.  It  is  applicable  wherever  evidence  is  to  be  weighed, 
error  got  rid  of,  facts  determined,  and  principles  established. 
Our  public  schools,  unhappil}' ,  make  but  little  use  of  this  method 
in  the  work  of  mental  cultivation,  and  we  shall  find  some  expla- 
nation of  this  by  referring  to  the  way  they  grew  up. 

The  American  public  school  system  originated  in  the  theory 
that  the  state  owes  to  ever}*^  child  the  rudiments  of  a  common 
education,  or  an  elementary  knowledge  of  reading,  writing  and 
arithmetic  as  implements  of  after  mental  improvement.  But  it 
was  earl 3^  found  difficult  to  separate  this  primary  use  of  tools 
from  the  acquisition  of  knowledge.  Mr.  Everett  said:  "I  will 
thank  any  person  to  show  why  it  is  expedient  and  beneficial  in 
the  community  to  make  public  provision  for  teaching  the  elements 
of  learning,  and  not  expedient  or  beneficial  to  make  similar  pix)- 
vision  to  aid  the  learner's  progress  toward  the  mastery  of  the 
most  difficult  branches  of  science  and  the  choicest  refinements  of 
literature."  Under  the  influence  of  such  considerations  the  rudi- 
mentary studies  rapid  1}'  developed  into  courses  of  studj'  embrac- 
ing a  variety  of  subjects.  This  led  to  the  systematizing  of 
instruction  and  the  grading  of  schools,  so  that  in  nearly  all  the 
towns  of  the  United  States  the  public  schools  have  been  divided 
into  primaries  for  the  younger  pupils  and  grammar-schools  for 
older  pupils ;  while  within  twenty -five  years  a  third  grade  has 
arisen  known  as  the  high  schools  for  the  most  advanced  students. 
In  each  division  there  are  sub-grades,  and  wherever  improvements 
in  public  school  education  are  attempted,  the  principle  of  grada- 
tion is  fundamental.  So  essential  is  it  considered,  that  no  aid  is 
granted  from  the  Peabody  fund  except  to  graded  schools.  As 
regards  the  plan  of  studies  adopted  there  was  no  guiding  prin- 
ciple. All  sorts  of  subjects,  and  these  for  all  sorts  of  reasons 
were  taken  up,  and  among  them  the  sciences  which  are  now  reg- 
ular parts  of  public  school  study.  Classes  are  formed  in  physics, 
chemistr}^  mineralogy,  geolog}',  ph^'siolog}*,  botany  and  zoology. 
There  are  text-books  upon  all  these  branches,  gi*aded  to  the 
varying  capacities  of  learners.  Teachers  prepare  in  them,  and 
in  many  cases  apparatus  is  provided,  and  there  are  lectures  with 
experiments,  specimens,  maps,  and  charts  for  illustrations. 

The  old  ideal  of  a  school  is  a  place  whei-e  knowledge  is  got  from 
books  by  the  help  of  teachers,  and  our  public  school  system  grew 
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up  in  conformity  with  this  ideal.  The  early  effect  of  grading  was 
to  fix  and  consolidate  imperfect  methods.  The  sciences  were 
assimilated  to  the  old  practice,  and  the  science  teaching  falls  short 
at  just  the  points  where  it  was  inevitable  that  it  should  fall  short. 
The  methods  of  school- teaching,  and  the  habits  of  the  teachers, 
had  grown  rigid  under  the  regime  of  book-studies.  As  a  conse- 
quence the  science  teaching  in  the  public  schools  is  generally 
carried  on  by  Uistruction,  Through  books  and  teachers  the  pupil 
is  filled  up  with  information  in  regard  to  science.  Its  facts  and 
principles  are  explained  as  far  as  possible,  and  then  left  in  the 
memory  with  his  other  school  acquisitions.  He  learns  the  sciences 
much  as  he  learns  geography  and  histoiy.  Only  in  a  few  excep- 
tional schools  is  he  put  to  any  direct  mental  work  upon  the  subject- 
matter  of  science,  or  taught  to  think  for  himself. 

As  thus  treated  the  sciences  have  but  little  value  in  education. 
They  fall  below  other  studies  as  means  of  mental  cultivation. 
Arithmetic  rouses  mental  reaction.  The  rational  study  of  language, 
by  analytical  and  constructive  tasks  and  the  mastery  of  principles, 
strengthens  the  mental  processes ;  but  the  sciences  are  not  em- 
ployed to  train  the  faculties  in  the  various  ways  to  which  they  are 
severally  adapted.  They  are  not  made  the  means  of  cultivating 
the  observing  powers,  stimulating  inquiry,  exercising  the  judg- 
ment in  weighing  evidence,  nor  of  forming  original  and  inde- 
pendent habits  of  thought.  The  pupil  does  not  know  the  subjects 
he  professes  to  study  by  actual  acquaintance  with  the  facts,  and  he 
therefore  becomes  a  mere  passive  accumulator  of  second-hand  state- 
ments. But  it  is  the  first  requirement  of  the  scientific  method, 
alike  in  education  and  in  research,  that  the  mind  shall  exercise  its 
activity  directly  upon  the  subject-matter  of  study.  Otherwise 
scientific  knowledge  is  an  illusion  and  a  cheat.  As  science  is  com- 
monly pnrsned  in  book  descriptions  the  learners  cannot  even 
identify  the  things  they  read  about.  As  remarked  by  Agassiz 
^  the  pupil  studies  Nature  in  the  school-room  and  when  he  goes 
out  of  doors  he  cannot  find  her."  This  mode  of  teaching  science, 
which  is  by  no  means  confined  to  the  public  schools,  has  been  con- 
demned in  the  most  unsparing  manner  by  all  eminent  scientific 
men  as  a  "  deception,"  a  "  fraud,"  an  "  outrage  upon  the  minds  of 
the  young/'  and  "  an  imposture  in  education." 

Nor  has  this  criticism  of  bad  practices  been  without  its  effect. 
We  are  met  by  the  statement  that  much  has  been  done  in  the 
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public  schools  to  escape  the  evils  of  mere  book  science.  The 
method  of  object  lessons  has  been  extensively  introduced  into 
primary  schools  with  the  professed  purpose  of  cultivating  the 
powers  of  observation  in  childhood.  It  is  claimed  that  this 
is  a  beginning  in  science ;  and,  as  it  brings  the  mind  into  action 
upon  things,  is  a  corrective  of  the  inordinate  study  of  words.  But 
object  teaching  has  not  yielded  what  was  expected  of  it ;  and  is  in 
no  true  sense  a  first  step  in  science.  Nothing  is  gained  education- 
ally by  barel}'  having  an  object  in  hand  when  it  is  talked  about. 
Myriads  of  objects  are  present  to  the  senses  of  people  but  no 
insight  follows.  The  observing  faculties  must  be  tasked  if  they 
are  to  be  trained.  The  pupil  is  not  to  have  the  propei-ties  of 
objects  pointed  out,  but  he  is  to  find  them  out.  Science  will  do  its 
work  of  educating  the  observing  faculties  only  as  they  are  quick- 
ened and  sharpened  by  exercise  in  discrimination.  The  scientific 
aim  is  to  replace  vague  confused  impressions  by  clear  and  accurate 
ideas.  Skill  in  the  detection  of  nice  distinctions  is  only  gained  by 
prolonged  and  careful  practice.  Object  lessons  aflford  no  such 
cultivation.  We  do  not  say  that  they  are  useless,  but  they  are 
not  the  A  B  C  of  science  and  do  not  as  a  matter  of  fact  open  the 
way  to  the  proper  study  of  the  special  sciences.  This  is  their  test 
and  Ihcir  condemnaticn.  When  the  primary  pupils  have  gone  over 
their  prescribed  course  of  object  lessons  and  are  passed  on  to  a 
higher  grade,  strange  to  say  the  "  objects  "  are  suddenly  drop|)ed 
as  if  the  objective  method  had  been  exhausted.  In  the  technical 
phrase  perceptive  education  is  to  be  replaced  by  conceptive  educa- 
tion. Instruction  in  elementary  science  is  now  to  be  carried  on  by 
what  is  known  as  oral-teaching.  This  method  as  extensively 
practised  in  the  grammar  grades  of  the  public  schools  is  every- 
where growing  in  favor  and  we  are  once  more  told  that  it  is  a 
successful  revolt  against  book-studies.  It  is  chiefly  applicable  to 
the  sciences  and  its  cardinal  idea  is  instruction  without  a  text-book. 
This  looks  fair  but  it  is  delusive.  The  method  does  not  remove 
the  book  that  the  pupil  may  come  at  the  phenomena,  but  it  removes 
the  book  that  the  teacher  may  take  its  place.  Oral-teaching  is 
class  instruction,  in  which  information  is  imparted  in  a  familiar 
manner  with  the  view  of  awakening  the  interest  of  the  class.  But 
so  far  as  real  science  is  concerned  it  is  doubtful  if  this  method  is 
not  worse  than  tlio  one  it  replaces.  Following  the  maxim  of 
certain  German  educators  that  '^the  teacher  is  the  school,"  it  was 
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assamed  that  when  apathy  prevails  in  the  school-room  it  is  solely 
the  teacher's  fanlt.  Oral  exercises  enable  them  to  escape  this 
reproach  by  giving  animation  to  school  work.  It  is  said  that  this 
is  a  "live  system"  in  contrast  to  the  old  humdrum  routine  of 
lessons  and  recitations.  But  science  gets  no  real  help.  There  is 
only  the  substitution  of  a  superficial  class-activity  for  the  more 
deliberate  work  of  the  individual  pupil.  More  mental  effort  is 
required  on  his  part  to  get  a  lesson  from  a  book  than  to  listen  to 
a  lesson  given  by  the  teacher.  The  teacher  is  to  do  everything 
and  stands  in  the  place  not  only  of  the  book  but  of  the  pupil 
also.  Is  this  not  a  step  backward  in  education  ?  The  teacher  is 
magnified  at  the  expense  of  close  study,  and  science  is  cheapened 
by  the  method.  Oral-teaching  implies  a  fertility,  a  versatility, 
and  a  proficiency  in  scientific  knowledge  on  the  part  of  teachers 
which  that  class  of  persons  does  not  possess.  It  is  a  premium 
on  tutorial  smattering  and  cramming  by  which  the  voluble 
teacher  with  superficial  acquisitions  and  a  ready  memory  becomes 
the  model  teacher.  There  may  be  benefits  in  this  method  but 
science  does  not  gain  them.  Judicious  oral  assistance,  as  in  the 
physical,  chemical,  or  natural  history  laboratory,  given  by  a  com- 
petent master  to  a  pupil  at  work,  is  invaluable  for  stimulus  and 
guidance  ;  but  the  aid  must  be  discreet  and  the  skilful  teacher  will 
not  talk  too  much.  But  where  it  is  all  talk  and  no  work,  and  text- 
books are  filtered  through  the  very  imperfect  medium  of  the 
ordinary  teachei^'s  mind,  and  the  pupil  has  nothing  to  do  but  to  be 
instructed,  every  sound  principle  of  education  is  outraged  and 
science  is  only  made  ridiculous. 

This  failure  to  gain  the  benefits  of  real  scientific  study  has  its 
source  deep  in  the  constitution  of  the  public  schools.  In  dealing 
with  masses  of  children,  classification  became  necessary  which 
gave  rise,  as  we  have  seen,  to  grading  and  an  elaborate  mechanical 
system.  The  working  of  children  in  lots  seems  to  be  a  necessity 
of  the  public  schools  but  it  strengthens  the  practice  of  verbal 
instruction  recitations  and  lesson-giving.  It  is  well  fitted  to  im- 
press the  public  with  the  idea  that  there  is  much  done  in  the 
schools.  There  is  a  prescribed  routine  of  operations  and  a  dis- 
play of  order  that  is  admired.  But  teacher  and  learner  arc 
Bnbordinated  to  the  system.  It  is  machine  work  and  machines 
make  no  allowances.  Gradation  assumes  and  enforces  a  uni- 
formity among  pupils  which  is  not  according  to  the  facts.    Wide 
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personal  differences  of  capacity,  aptitude,  attainment  and  oppor- 
tunity, not  only  exist  among  children  but  they  are  the  prime  data 
of  all  efficient  mental  cultivation.  In  the  graded  schools,  Just  in 
proportion  to  the  perfection  of  the  mechanical  arrangements,  in- 
dividuality disappears.  Special  original  capacity,  the  main  thing, 
counts  for  nothing.  The  mind  cannot  be  trained  in  such  circum- 
stances to  originate  its  own  judgments.  The  exercise  of  original 
mental  power  or  independent  inquiry  is  the  very  essence  of  the 
scientific  method  and  with  this  the  practice  of  the  public  schools 
is  at  war.  Moreover,  a  system  which  deals  with  the  average  mind 
and  does  not  get  at  the  individual  mind  breaks  down  at  the  point 
where  all  true  education  really  begins,  that  is,  in  promoting  self- 
culture.  The  value  of  educational  systems  consists  simply  in 
what  they  do  to  incite  the  pupil  to  help  himself.  Mechanical 
school- work  can  give  instruction,  but  it  cannot  develop  faculty 
because  this  depends  upon  self-exertion.  Science,  if  rightly  pur- 
sued, is  the  most  valuable  school  of  self-instruction.  From  the 
beginning  men  of  science  have  been  self-dependent  and  self- 
reliant  because  self-taught;  and  it  is  a  question  vrhether  they 
have  been  most  hindered  or  helped  by  the  schools.  De  Candolle, 
in  his  valuable  book  on  the  conditions  which  favor  the  production 
of  scientific  men,  sa^-s  that  the  discoverers,  the  masters  of  scientific 
method  have  chiefly  appeared  in  small  towns  where  educational 
resources  have  been  scanty ;  and  that  they  have  often  been  most 
helped  by  the  very  poorness  of  their  teaching  which  threw  them 
back  upon  themselves.  It  was  to  their  advantage  that  the  schools 
were  not  so  perfect  as  to  extinguish  individuality  and  thus  destroy 
originality. 

Our  strictures  are  here  upon  the  general  working  of  the  public 
school  s^'stem  ;  but  we  recognize  that  there  are  many  exceptional 
teachers  who  do  what  they  can  to  deal  with  science  in  the  true 
spirit,  while  multitudes  of  instructors  are  chafing  under  present 
restrictions  and  groping  after  something  better.  The  bad  sj'stem 
is  moreover  continued  chiefly  from  the  lack  of  knowledge  as  to 
the  possibilities  of  a  better.  But  the  better  method  of  teaching 
science  has  been  proved  entirely  practicable.  The  institution 
where  we  meet  and  many  other  science  schools  have  shown  it. 
A  large  number  of  teachers  have  demonstrated  that  various 
branches  of  science  can  be  taught  to  the  j'oung  by  the  true  as 
well  as  by  the  false  method.     What  is  now  most  urgently-  needed 
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is  to  gather  fVom  these  experiences  practical  plans  of  improve- 
ment in  science  teaching  for  the  benefit  of  those  who  desire  better 
guidance  than  they  now  have. 

In  his  address  as  Rector  of  the  University  of  Aberdeen,  Pro- 
fessor Huxley  said:  "I  would  not  raise  a  finger  to  introduce 
more  book-work  into  every  art  curriculum  in  the  country."  We 
concur  in  this  view  as  applied  to  the  present  science  teaching  in 
our  public  schools.     TVc  would  not  raise  a  finger  to  extend  it. 

President  Barnard  of  Columbia  College,  in  a  public  address 
reprobating  in  severe  terms  the  common  method  of  teaching 
science  as  being  an  inversion  of  the  true  order  of  cultivating  the 
mental  faculties,  refeiTcd  to  the  great  benefits  which  must  arise 
"  when  our  systems  of  education  shall  have  been  remodelled  from 
top  to  bottom."  That  result  may  come  about  in  the  fulness  of 
time  but  it  is  wise  to  expect  only  a  slow  and  gradual  improvement. 
Vice  President  Grote,  in  his  St.  Louis  address,  pointed  out  the 
guiding  principle  in  this  case  as  a  substitution  of  real  knowledge 
for  second-band  information  by  a  necessary  law  of  mental  ad- 
vancement. In  obedience  to  this  principle,  the  cultivators  of 
original  science  should  do  what  they  may  to  raise  the  standard 
of  our  prevalent  science  teaching ;  and  we  respectfully  ask  that 
the  Association  will  assign  to  a  committee  the  duty  of  reporting 
at  our  next  meeting  on  the  best  modes  of  improving  the  teaching 
of  science  in  our  public  schools. 


E.  L.  YOUMANS, 

A.  R.  Grote, 
J.  W.  Powell, 
N.  S.  Shaler, 
J.  S.  Newberry, 


>  Committee. 


Eulogy  on  Joseph  Henrt.    By  Alfred  M.  Mayer. 

At  the  meeting  of  this  Association  in  1878  a  committee,  com- 
posed of  Professors  Baird,  Newcomb  and  myself,  was  appointed 
to  prepare  a  eulogy  on  our  revered  and  lamented  colleague  and 
former  president,  Joseph  Henky. 

This,  I  will  not  say  labor,  but  duty  of  affection,  has  devolved 
on  me  alone.  I  would  that  the  other  members  of  this  committee 
bad  laid  before  3'ou  their  tributes  to  his  memory,  because  for  j-ears 
they  had  been  closely  associated  with  him  in  his  social  and  pro- 
fessional life  in  Washington.  Yet,  while  Professor  Henry  had 
been  the  friend  of  their  manhood,  he  was  the  friend  of  my  bo}*- 
hood  ;  and  during  twent3'-fivc  years  he  ever  regarded  me — as  was 
bis  wont  to  say — with  a  "  paternal  interest."  To  his  disinterested 
kindness  and  wise  counsels  is  due  much,  very  much,  of  whatever 
usefulness  there  is  in  me.  Hence,  I  have  said  that  it  is  a  duty  of 
affection  for  me  to  speak  to  j'ou  about  one  who  was  my  beloved 
friend. 

I  shall  not,  however,  attempt  a  biography  of  Joseph  Henry, 
nor  shall  I  si>eak  of  his  administrative  life  as  Director  of  the 
Smithsonian  Institution,  for  this  is  known  and  valued  by  the  whole 
world.  His  best  eulog}'  is  an  account  of  his  discoveries,  for  a 
man  of  science,  as  5wc/t,  lives  in  what  he  has  done^  and  not  in  what 
he  has  said  ;  nor  will  he  be  remembered  in  what  he  proposed  to  do. 
I  will,  therefore,  with  your  permission,  confine  myself  chiefly  to 
Henry  as  (he  Discoverer ;  and  I  do  this  the  more  willingly  because 
I  am  familiar  with  his  researches,  and  also  because  Professor 
Henr}',  from  time  to  time,  took  pleasure  in  giving  me  accounts 
of  those  mental  conceptions  which  preceded  his  work,  led  him  to 
it,  and  guided  him  in  it. 

To  appreciate  a  discoverer  rightly  we  should  not  look  at  his 
Work  from  our  time,  but  go  back  and  regard  it  from  his  time  ;  wc 
should  not  judge  his  work  in  the  fulness  of  the  light  of  present 
knowledge,  but  in  the  dim  twili<j;ht  which  alone  illuminated  him  to 
then  unknown  —  but  now  well-known  —  facts  and  laws.  I  will, 
therefore,  endeavor  first  to  present  you  with  a  clear,  but  necessa- 
rily ver}'  concise,  view  of  the  state  of  our  knowledge  of  electricity 
when  Henry  began  his'original  researches  in  that  branch  of  science, 
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find  then  point  out  the  value  of  his  discoveries  by  showing  what 
they  added  to  knowledge,  and  how  they  instigated  and  influenced 
the  discoveries  and  inventions  of  other  men. 

Henry  began  his  electrical  researches  at  the  age  of  twenty-eight, 
in  the  3'ear  1827,  while  he  was  professor  of  mathematics  and  natu- 
ral philosophy  in  the  Albany'  Academy.  At  these  he  continuously 
worked  till  1832,  when,  at  the  age  of  thirty-three,  he  moved  to  the 
College  of  New  Jersey  (Princeton).  After  a  year's  break  in  his 
work,  caused  by  the  preparation  of  his  course  of  lectures  for  the 
college,  he  is  again  at  original  research,  and  continues  his  con- 
tributions to  electrical  discoveries  till  1842.  Thus,  during  fourteen 
years,  while  between  the  ages  of  twenty-eight  and  forty-three,  be 
was  a  constant  and  fertile  worker.  What  he  did  in  these  j-ears 
will  be  given  after  a  review  of  what  had  been  already  discovered 
up  to  the  time  he  began  his  original  experiments. 

Through  the  labors  of  Gilbert,  Boyle,  Otto  von  Guericke,  New- 
ton, Wall,  Gray,  Franklin,  -^pinus,  and  Volta,  it  had  been  dis- 
covered that  all  matter  could  be  clectricallv  excited,  and  that 
bodies  differed  greatly  in  permitting  the  diffusion  of  electricity 
over  their  surfaces  ;  the  facts  of  electric  attraction  and  repulsion, 
of  electric  induction,  the  action  of  points,  and  the  identity  of 
lightning  and  electricity  had  been  discovered ;  and  these  facts 
had  been  explained  and  bound  together  in  a  body  of  doctrine  by 
the  hyi)othesis  of  Dufay  or  by  that  of  Franklin ;  while  Coulomb 
and  Poisson,  in  a  series  of  beautiful  experimental  and  mathemati- 
cal labors,  had  given  us  the  knowledge  of  the  laws  of  the  actions 
at  a  distance  of  electric  attraction  and  repulsion,  and  had  shown 
in  what  manner  electricit}'  diffuses  itself  over  conductors  of  va- 
rious forms. 

About  1820,  men  of  science  spoke  of  electrical  knowledge  as 
almost  complete.  The  mathematical  consequences  of  the  laws 
discovered  by  Coulomb  and  others  havincj  been,  they  thouffht, 
fully  developed  ;  electricity  was  hardly  to  be  regarded  as  an  ex- 
perimental science,  but  henceforth  might  be  grouped  with  me- 
chanics. Such  o[)inion  was  so  general  that  Faraday  (in  1831), 
when  he  began  his  ever  remarkable  series  of  discoveries,  was  in- 
fluenced by  this  ])revailing  feeling  to  style  his  papers  '*  Experi- 
mental Researches  in  Electricity," 

It  seemed  almost  impossible  that  any  discovery  could  again 
give  an  impulse  to  electrical  studies  equal  to  that  produced  b}'  the 
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brilliant  and  most  fertile  researches  of  Volta ;  yet  to  the  universal 
surprise  of  the  scientific  world  this  happened.  In  the  winter  of 
1819,  Oersted  announced  that  he  had  at  last  discovered  a  correla- 
tion of  actions  between  electricity  and  magnetism  in  his  celebrated 
experiment  of  the  deflection  of  a  magnet  athwart  the  conjunctive 
wire  of  a  battery  when  the  latter  was  laid  parallel  to  the  direction 
of  the  magnet. 

During  the  month  of  July,  1820,  tlie  news  of  Oersted's  discov- 
ery reached  Paris.     It  at  once  profoundly  excited  the  ever  active 
and  versatile  mind  of  Ampere.     This  man,  already  celebrated  as 
a  mathematician,  was  now  destined  to  show  greater  genius  as  an 
experimenter.     He   at  once  began  a  series  of  researches  in  the 
field  opened  by  the  disco verj'  of  Oersted ;  and  with  astonishing 
rapidity  reached  results  of  such  importance  that  they  gained  him 
the  title  of  the  Newton  of  electro-dynamics ;  and  justly,  for  he 
did  for  this  branch  of  science  even  more  than  Coulomb  had  pre- 
viously done  for  electro-statics. 

On  the  18th  of  September,  1820,  Ampere  read  his  first  paper  on 
electro-dynamics,  before  the  Academy  of  Sciences  of  Paris.  In 
this  be  shows  that  the  battery  exerts  an  electro-magnetic  action  as 
well  as  its  conjunctive  wire,  and  he  gives  a  rule  by  which  one  can 
readily  predict  the  direction  in  which  a  magnet  will  be  deflected 
by  a  voltaic  current.  He  supposes  a  current  to  flow  from  the 
copper  to  the  zinc  plate  of  the  battery ;  then,  says  he,  if  you 
imagine  yourself  at  full  length  and  facing  the  wire,  the  current 
entering  your  heels  and  passing  out  at  your  head,  the  north  pole 
of  the  magnet  is  always  deflected  toward  your  left  hand.  In  the 
same  paper,  he  says  that  he  will  soon  experiment  with  ^spirals  and 
helices  of  wire  which,  he  predicts,  will  have  the  same  properties 
as  magnets  as  long  as  a  current  of  electricity  flows  through  them. 
He  then  gives  his  well-known  hypothesis  of  the  nature  of  a  raag- 
Det.  He  says  that  if  we  assume  a  magnet  to  consist  of  an  assem- 
blage of  minute  currents  of  electricity  whirling  all  with  the  same 
direction  of  rotation  ai-ound  the  steel  molecules  and  in  planes  at 
f'gbt  angles  to  the  axis  of  the  bar,  we  shall  have  an  hypothesis 
'^bich  will  account  for  all  the  known  properties  of  a  magnet, 
^nipere  constructed  his  spirals  and  helices,  and  to  the  astonish- 
nient  of  the  scientific  world  made  magnets  formed  only  of  spools 
of  copper  wire  ti*aversed  by  electric  currents.     We  can  readily 
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imagine  the  intense  interest  awakened  by  this  discovery ;  a  dis- 
covery which  caused  Arago  to  exclaim  :  '*  What  would  Newton, 
Halley,  Dufay,  ^pinus,  Franklin,  and  Coulomb  have  said  if  one 
had  told  them  that  the  day  would  come  when  a  navigator  would 
be  able  to  lay  the  course  of  his  vessel  without  a  magnetic  needle 
and  solely  by  means  of  electric  currents?" 

'•For  several  weeks  physicists  of  France  and  from  abroad 
crowded  Ampere's  humble  study  in  Rue  Foss6e  Saint  Victor,  to 
see  with  astonishment  a  susi)endcd  loop  of  wire,  in  the  cii*cuit  of 
a  l)attery,  take  a  definile  position  through  the  directive  magnetic 
action  of  the  earth." 

This  hypothesis  of  Ampere  had  a  powerful  hold  on  Henry's 
mind  ;  and,  as  I  know  that  he  used  it  as  a  guiding  light  in  his  re- 
searches, it  ma}'  here  be  well  to  give  Arago's  account  of  how 
Ampere  was  led  to  its  conception  : 

''Thanks  to  the  profound  researches  of  Ampere,  the  law  which 
governs  celestial  movements,  the  law  extended  by  Coulomb  to  the 
phenomena  of  electricity  at  rest  or  in  tension,  and  then,  though 
with  less  certainty,  to  magnetic  phenomena,  becomes  one  of  the 
characteristic  features  of  the  powers  exercised  by  electricity  in 
motion.  The  general  formula  which  gives  the  value  of  the  mutual 
actions  of  the  infuiitely  small  elements  of  currents  once  under- 
stood, the  determination  of  the  combined  actions  of  limited  cur- 
rents of  ditferent  forms  becomes  a  simple  problem  of  integral 
analysis.  Ampere  did  not  fail  to  follow  out  these  applications 
of  his  discoveries.  lie  first  tried  to  discover  how  a  rectilinear 
current  acts  on  a  system  of  circular  closed  currents,  contained  in 
planes  perpendicular  to  the  rectilinear  current.  The  result  of  the 
calculation,  confirmed  b}'  experiment,  was  that  the  planes  of  the 
circular  currents  would,  supposing  them  movable,  arrange  them- 
selves parallel  to  the  rectilinear  current.  If  like  transverse  cur- 
rents [)ass  over  the  whole  length  of  a  magnetic  needle,  the  cross 
direction  which,  in  the  experiment  of  Oersted,  seemed  an  inexpli- 
cable anomaly,  would  become  a  natural  and  necessary  fact.  Is  it 
not  then  evident  to  all  how  memorable  would  that  discovery  be 
whieli  should  rigorously  establish  the  fact  that  to  magnetize  a  needle 
is  to  excite,  to  put  in  motion  around  each  molecule  of  the  steel,  a 
small  circular,  electrical  vortex?  Ampere  fully  realized  the  wide 
reach  of  the  ingenious  generalization  that  had  taken  possession 
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of  his  mind  ;  and  he  hastened  to  submit  it  to  experimental  proofs 
and  numerical  verifications,  which,  in  our  day,  are  the  only  proc- 
esses considered  entirely  demonstrative." 

About  ibis  time  Arago  found  that  the  conjunctive  wire  of  the 
battery  had  the  property  of  causing  iron  filings  to  arrange  them- 
selves around  it  in  concentric  rings.  Guided  by  Ampere's  dis- 
covery that  a  helix  conducting  a  voltaic  current  had  properties 
similar  to  those  of  a  magnet,  Arago  inferred  that  these  properties 
could  be  given  to  iron  and  steel  by  placing  wires  or  bars  of  these 
substances  in  the  interior  of  one  of  Ampere's  helices.  Experi- 
meat  showeil  that  his  inference  was  correct.  The  same  etfects  he 
obtained  by  passing  electrical  discharges  from  an  ordinary  fric- 
tional  electrical  machine,  or  from  a  Leyden  jar,  through  a  helix 
ioclosing  a  steel  neeille. 

In  subsequent  memoirs,  exhibiting  great  philosophic  acumen 
aDd  marked  ability  in  the  application  of  mathematical  analysis  to 
the  cluci<lation  of  physical  phenomena,  Ampere  developed  the 
consequences  of  the  general  laws  he  had  previously  discovered. 

In  1821,  six  years  before  Henry  began  his  work,  Faraday — then 
thirty  years  of  age,  and  as  yet  an  assistant  of  Davy — published 
his  first  paper  on  electrical  research.  In  this  he  shows  that  a  wire 
conveying  an  electrical  current  can  be  made  to  rotate  around  the 
pole  of  a  magnet.  He  then  reverses  the  action,  and  holding  the 
wire  at  rest  makes  the  magnetic  pole  rotate  around  the  wire. 
These  phenomena  were  shown  by  Ampere  to  be  entirely  conform- 
able to  his  hypothesis  of  the  electro-dynamic  nature  of  a  magnet. 

While  Ampere,  in  1820,  was  pursuing  his  researches,  Schwcigger, 
of  Halle,  invented  his  galvanometer.  This  he  formed  b}'  inclosing 
a  suspended  magnetic  needle  in  several  turns  and  laj^ers  of  an 
insulated  wire.  This  instrument  excited  a  powerful  influence  in 
electrical  researches,  and  the  contemplation  of  its  action  led 
Henry  to  make  his  first  trials  as  an  original  cxf>erimenter. 

The  history  of  another  research  is  now  in  order  as  bearing  di- 
rectly on  one  of  Henry's  investigations — and  one  which  he  ever 
regarded  with  considerable  pride.  In  1827,  Savary  began  exi)oiH- 
ments  on  the  magnetizing  actions  of  the  discharge  of  the  Leyden 
jar  on  steel  needles.  These  needles,  of  various  lengths,  diameters, 
and  degrees  of  hardness,  were  placed  at  right  angles  to  the  wire  con- 
veying the  electric  discharge.  They  were  also  put  in  the  interior 
of  Ampere's  helices,  after  the  manner  of  Arago's  original  experi- 
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ments.  The  phenomena  thus  observed  were  found  to  be  of  the 
most  complex  characters.  It  was  found  that  the  direction  of  the 
polarity  in  the  needle  and  the  intensity  of  its  magnetization  de- 
pended on  its  distance  from  the  wire,  on  the  diameter  of  the  needle, 
on  the  potentiality  of  the  discharge,  and  on  the  resistance  of  the 
wire  through  which  the  discharge  took  place.  Similar  phenomena 
were  observed  when  the  needles  were  placed  in  one  of  Ampere's 
helices,  through  which  the  discharge  was  thrown.  After  a  long 
and  tedious  research  Savary  concluded  that  these  facts  could  only 
be  explained  by  the  8up[x>sition  that  the  discharge  of  a  Lcyden 
jar  was  not  continuous,  but  consisted  of  a  series  of  rebounds  or 
reflections  to  and  from  the  two  coatings  of  the  jar.  In  1842, 
Henry,  apparently  ignorant  of  this  research  of  Savary,  went  over 
the  same  ground,  and  arrived  independent!}'  at  the  same  inference 
which  Savary  had  formed  fifteen  j'cars  before — an  inference  di- 
rectly confirmed  b}'  the  experiments  of  Feddersen,  who,  in  18G2, 
got  the  life  history  of  the  electric  spark  of  the  Leyden  jar  by 
photographing  its  image  reflected  from  a  concave  mirror  revolving 
800  to  1,000  times  in  a  second. 

Two  years  previous  to  Savary's  work,  i.  e.,  in  1825,  William 
Sturgeon,  of  Woolwich,  England,  improved  on  Arago's  experiment 
of  magnetizing  steel  and  iron  with  the  voltaic  current.  Stur- 
geon's improvement  consisted  in  bending  the  straight  rods  used 
b}'  Arago  into  U-shaped  pieces,  and  then,  coating  them  with  shellac 
varnish,  he  wound  them  with  uncovered  copper  wire.  The  coils 
of  the  wire  were  separated,  so  that  the  current  flowed  through  the 
wire  around  the  surface  of  the  iron.  This  magnet,  in  proportion 
to  its  weight,  was  the  most  powerful  made  up  to  this  date.  It 
certainly  did  not  require  great  mental  effort  or  acumen  on  the 
part  of  Sturgeon  to  bend  a  straight  bar  magnet  into  the  then 
common  U  form  of  the  permanent  steel  magnet  known  as  the 
horse-shoe  magnet ;  3'et  his  experiments  with  this  magnet  mark 
an  important  point  of  departure  in  electric  science,  and  evidently 
led  Henry  to  his  first  and  most  imix)rtant  scientific  research. 

I  have  now  given  as  much  of  the  history  of  electrical  research 
as  is  requisite  to  the  understanding  of  Henry's  position  as  a  dis- 
coverer ill  this  branch  of  knowledge  when,  in  1827,  he  liegan  to 
make  original  experiments  in  electricity. 

As  with  many  otlier  men  of  originality,  Henry's  first  essays 
were  in  the  direction  of  improving  the  means  of  illustrating  well- 
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established  scientific  facts  and  principles.  His  first  paper,  of 
October,  1827,  is  interesting  because  it  was  his  first.  In  it  be  im- 
proves on  the  usual  apparatus  wbicb  had  been  used  by  Ampere  and 
others  to  show  electro-dynamic  actions,  by  employing  several 
turns  of  insulated  wire,  instead  of  one,  as  had  previously  been  the 
practice.  Thus,  for  example,  to  show  the  directive  action  of  the 
earth's  magnetism  on  a  freely-moving  closed  circuit,  Henry  cov- 
ered copper  wire  with  silk  and  then  made  out  of  it  a  ring  about 
twenty  inches  in  diameter,  formed  of  several  turns  of  the  wire. 
The  extremities  of  this  wire  were  soldered  to  zinc  and  copper 
plates.  The  coil  was  then  suspended  by  silk  filaments.  On  plung- 
ing the  metal  plates  into  a  glass  of  dilute  acid  the  ring  rotated 
around  its  point  of  suspension  till  its  plane  took  a  permanent  posi- 
tion at  right  angles  to  the  magnetic  meridian.  By  a  similar 
arrangement  of  two  concentric  coils,  one  suspended  within  the 
other,  he  neatly  showed  the  mutual  actions  of  voltaic  currents 
flowing  in  the  same  or  in  opposite  directions ;  which  facts  are  the 
foundations  of  Ampere's  celebrated  law. 

We  now  reach  a  period  when  Ilenr}'  appears  as  a  discoverer, 
and  truly  one  of  no  mean  order.  As  I  remember  his  narration 
to  me  in  the  ^ear  1859,  it  was  as  follows :  He  said  that  one 
evening  he  was  sitting  in  his  study  in  Albany  with  a  friend,  when, 
after  a  few  moments  of  reverie,  he  arose  and  exclaimed,  *'  To- 
morrow I  shall  make  a  famous  experiment !"  For  several  months 
be  had  been  brooding  over  Ampere's  electro-dynamic  theory  of 
magnetism,  and  he  was  then  deeply  interested  in  the  phenomena 
of  the  development  of  magnetism  in  soft  iron  as  shown  in  the 
experiments  of  Arago  and  Sturgeon.  At  the  moment  he  had 
arisen  from  his  chair  it  had  occurred  to  him  that  the  requirements 
of  the  theory  of  Ampere  were  not  fulfilled  in  the  electro-magnets 
of  Arago  and  of  Sturgeon,  but  that  he  could  get  those  conditions 
which  the  theory  required  by  covering  the  envcloi)ing  wire  with  a 
non-conductor  like  silk,  and  then  wrapping  it  closely  around  the 
soft  iron  bar  in  several  layers ;  for  the  successive  layers  of  wire 
coilin""  first  in  one  direction  and  then  in  the  other  would  tend  to 
produce  a  resultant  action  of  the  current  at  right  angles  to  the 
axis  of  the  bar ;  and  furthermore,  the  great  number  of  convolu- 
tions thus  obtained  would  act  on  a  greater  number  of  molecules 
of  the  bar  and  therefore  exalt  its  magnetism.  '*  AVhen  this  con- 
ception," said  Ilenr}*,  "  came  into  my  brain  I  was  so  pleased  with 
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it  that  I  could  not  help  rising  to  my  feet  and  giving  it  my  hearty 
approbation." 

Henry  did  go  to  work  the  next  da}-,  and  to  his  great  delight 
and  encouragement  discoveries  of  the  highest  interest  and  impor- 
tance revealed  themselves  to  him  week  after  week.  When  he  had 
finished  his  newly  conceived  magnet  he  found  that  it  supported 
several  times  more  weight  than  did  Sturgeon's  magnet  of  equal 
size  and  weight.     This  was  his  first  original  discovery. 

I  will  now  give,  as  far  as  possible,  Henry's  own  words  in  nar- 
rating the  subsequent  investigations  of  these  very  interesting 
phenomena : 

"  The  maximum  effect,  however,  with  this  a^i-angement  and  a 
single  battery  was  not  3'et  obtained.  After  a  certain  length  of 
wire  had  been  coiled  uix)n  the  iron  the  power  diminished  with  a 
further  increase  of  the  number  of  turns.  This  was  due  to  the 
increased  resistance  which  the  longer  wire  offered  to  the  conduc- 
tion of  electricity.  Two  methods  of  improvement,  therefore,  sug- 
gested themselves.  The  first  consisted  not  in  increasing  the 
length  of  coil,  but  in  using  a  number  of  separate  coils  on  the  same 
piece  of  iron.  By  this  arrangement  the  resistance  to  the  conduc- 
tion of  the  electricity  was  diminished  and  a  greater  quantity  made 
to  circulate  around  the  iron  from  the  same  batter}'.  The  second 
method  of  producing  a  similar  result  consisted  in  increasing  the 
number  of  elements  of  the  battery,  or,  in  other  words,  the  pro- 
jectile force  of  the  electricity,  which  enabled  it  to  pass  through  an 
increased  number  of  turns  of  wire,  and  thus,  by  increasing  the 
length  of  the  wire,  to  develop  the  maximum  i)ower  of  the  iron. 

'*To  test  these  principles  on  a  larger  scale,  an  experimental  mag- 
net was  constructed.  In  this  a  number  of  compound  helices  were 
placed  on  the  same  bar,  their  ends  left  projecting,  and  so  numbered 
that  they  could  be  all  united  into  one  long  helix,  or  variously 
combined  in  sets  of  lesser  length. 

"From  a  series  of  experiments  with  this  and  other  magnets  it 
was  proved  that,  in  order  to  produce  the  greatest  amount  of  mag- 
netism from  a  battery  of  a  single  cup,  a  number  of  helices  are 
required  ;  but  when  a  compound  battery  is  used,  then  one  long 
wire  must  be  emplo3'ed,  making  many  turns  around  the  iron  ;  the 
length  of  wire,  and  consequently  the  number  of  turns,  l)eing  com- 
mensurate with  the  projectile  power  of  the  battery. 

*'In  describing  the  results  of  my  experiments  the  terms  intensity 
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and  qiiandty  magnets  were  introduced  to  avoid  circumlocution,  and 
were  intended  to  be  used  raerely  in  a  technical  sense.  By  the  in- 
tensitif  magnet  I  designated  a  piece  of  soft  iron  so  surrounded  with 
wire  tliat  its  magnetic  power  could  be  called  into  operation  by  an 
intensity  battery  ;  and  by  a  quantity  magnet  a  piece  of  iron  so 
sun'ounded  by  a  number  of  separate  coils  that  its  magnetism 
could  be  fully  developed  by  a  quantity  battery. 

"  I  was,"  says  Henry,  "  the  first  to  point  out  this  connection  of 
the  two  kinds  of  the  battery  with  the  two  forms  of  the  magnet,  in 
my  paper  in  Silliman^s  Journal^  Januar}',  1831,  and  clearly  to 
state  that 'when  magnetism  was  to  be  developed  by  means  of  a  com- 
pound battery  one  long  coil  was  to  be  employed,  and  when  the 
maximum  effect  was  to  be  produced  by  a  single  battery,  a  number 
of  strands  were  to  be  nsed." 

Here  is  Henry's  description  of  one  of  his  quantity  magnets : 
*•  A  bar  of  iron  21  inches  long  and  2  inches  square  with  rounded 
comers  was  bent  into  a  U  form,  having  legs  about  nine  inches  long. 
This  bar  weighed  twenty-one  pounds.     Its  armature  was  formed  of 
a  piece  of  a  similar  bar  and  weighed  seven  pounds.     Nine  coils  of 
copper  bell-wire,  each  sixty  feet  in  length,  were  wrapped  in  sec- 
tions on  the  iron.     These  coils  were   not   continued  around  the 
whole  length  of  the  bar,  but  each  strand  of  wire,  according  to  the 
principle  before  mentioned,  occupied  about  two  inches,  and  was 
coiled  several  times  backward  and  forward  over  itself;  the  several 
ends  of  the  wire  were  left  projecting  and  all  numbered,  so  that  the 
first  and  last  end  of  each  strand  might  be  readily  distinguished. 
In  this  manner  was  formed  an  experimental  magnet  on  a  larger 
scale,  with  which  several  combinations  of  wire  could  be  made  by 
merely  uniting  the  different  projecting  ends.     Thus,  if  the  second 
end  of  the  first  wire  be  soldered  to  the  first  end  of  the  second  wire, 
and  so  on  through  all  the  scries,  the  whole  will  form  a  continued  coil 
of  one  long  wire.     B}'  soldering  different  ends  the  whole  may  be 
formed  into  a  double  coil  of  half  the  length,  or  into  a  triple  coil 
of  one-third  the  length,  etc.     The  horse-shoe  was  suspended  in  a 
rectangular  wooden  frame  3  feet  9  inches  high  and  20  inches  wide. 
"In  order  to  ascertain  the  effect  of  a  a  cry  small  galvanic  ele- 
ment on  -this  large  quantity'  of  iron,  a  pair  of  plates,  exactly  one 
X)mu%  inch,  was  attached  to  all  the  wires :  the  weight  lifted  was 
^ghty-five  pounds.     To  find  out  the  greatest  supporting  power  of 
the  magnet,  with  all  of  its  nine  coils  in  a  circuit,  a  small  battery 
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formed  of  a  plate  of  zinc  12  inches  long  and  6  inches  wide,  and 
surrounded  by  copper,  was  substituted  for  the  galvanic  element 
used  in  the  former  experiments :  the  weight  lifted  was  seven  hun- 
dred and  fifty  pounds." 

The  most  powerful  of  Henry's  magnets  was  constructed  while 
he  was  at  Princeton,  and  is  thus  described  by  his  successor  in  the 
chair  of  Natural  Philosophy,  Professor  Richard  S.  McCulloh: 
"It  is  formed  of  a  bar  of  rounded  iron  nearly  four  inches  in  diam- 
eter, weighing  about  one  hundred  pounds,  and  surrounded  with 
thirty  strands  of  copper  bell-wire,  each  about  forty  feet  long. 
With  a  cal or i motor  on  Dr.  Hare's  plan  consisting  of  twenty-two 
plates  of  zinc  each  9  inches  by  12,  alternating  with  plates  of  cop- 
per of  the  same  size,  it  supports  3,500  pounds,  or  more  than  a 
ton  and  a  half. 

''After  the  connection  with  the  battery  is  broken,  this  magnet 
supports  a  thousand  pounds  for  several  minutes,  and  from  year  to 
year  the  lifter  adheres  with  a  force  which  is  overcome  only  by  a 
weight  of  several  hundred  pounds.  When  however  the  lifter  is 
detached,  nearly  all  the  magnetism  disappears." 

On  a  recent  visit  to  the  College  of  New  Jersey  by  the  electrician 
Mr.  Frank  L.  Pope,  he  examined  this  magnet.  "There,"  he  says, 
in  his  admirable  and  justly  appreciative  eulogy  on  Henr3%  "there, 
too,  was  the  reversing  commutator  or  pole-clianger,  a  device  first 
invented  by  Professor  Henry,  with  which  he  was  accustomed  to 
delight  and  astonish  his  pupils,  by  suddenly  reversing  the  polarity 
of  liis  large  magnet,  causing  it  to  drop  its  armature  and  seize  it 
again  before  it  had  passed  bc3'ond  the  sphere  of  attraction,  a 
principle  which  we  sec  exemplified  in  every  stroke  of  the  neutral 
relay  of  the  quadruplcx  telegraph  of  to-day." 

We  will  now  return  to  Henry's  study  of  the  properties  of  his 
intensity  nmgnet.  This  magnet  was  formed  of  a  piece  of  iron 
one-fourth  of  an  inch  in  diameter,  bent  in  the  U  form  and  wound 
with  eight  feet  of  insulated  wire.  His  batteries  were  two,— one 
formed  of  a  single  element  with  a  zinc  plate  4  inches  by  7,  sur- 
rounded by  copper  and  immersed  in  dilute  acid ;  the  other,  a 
Crnikshank's  battery,  or  trough,  with  twenty-five  double  plates. 
The  plates  of  ihis  battery  weie  joined  in  series,  and  altogether  had 
exactly  the  same  surface  of  zinc  as  that  in  the  single-cell  battery. 

The  magnet  was  now  connected  directly  to  the  single  cell.  The 
magnet  held  up  seventy- two  ounces.    Then  five  hundred  and  thirty 
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feet  of  number  18  copper  wire  led  the  current  from  the  cell  to  the 

magnet ;    it  now  supported  only  two  ounces.     Five  hundred  and 

thirty  feet  more  of  the  wire  were  introduced  into  the  circuit,  and 

then  the  magnet  held  but  one  ounce.     In  these  facts  Henry  faced 

the  same  results  as  confronted  Barlow  five  years  before,  and  caused 

Barlow  then  to  say  :     "  In  a  very  early  stage  of  electro-magnetic 

experiments  it   had   been  suggested    [by  Laplace,   Ampere  and 

others]  that  an  instantaneous  telegraph  might  be  established  by 

means  of  conducting  wires  and  compasses  ;  ♦  ♦  ♦  but  I  found  such 

a  sensible  diminution  with  only  two  hundred  feet  of  wire,  as  at  once 

to  convince  mo  of  the  impracticability  of  the  scheme  ;"  and  such, 

at  that  day,  seemed  to  be  the  common  opinion  of  men  of  science. 

But  this  opinion  is  presently  to  be  shown  by  Henry  to  be  ill-founded, 

by  reason  of  the  ignorance  of  the  relations  which  have  of  necessity 

to  exist  between  the  kind  of  battery  and  the  ki7id  of  magnet  in 

order  to  produce  electro-magnetic  action  at  a  distance :  relations 

which  Henry  was  the  first  to  discover.    This  accomplishment  justly 

entitles  him  to  be  regarded  as  a  man  of  genius  and  a  discoverer 

of  no  mean  order.      This  discovery  will  always  remain  the  one 

important  fact  that  was  to  be  known,  to  be  understood,  and  to  be 

applieil,  before  it  was  possible  to  have  constructed  any  form  of 

electro-magnetic  telegraph. 

Let  us  see  how  Henry  made  tiiis  discovery.  After  ending  the 
experiments  with  the  one-cell  battery  and  reaching  results  which 
seemed  to  confirm  the  opinion  of  Barlow  as  to  **  the  impractica- 
bility of  the  scheme"  of  an  electro-magnetic  telegraph,  Henry 
attacheil  his  magnet  to  the  second  battery  formed  of  twenty-five 
cells,  arranged  in  series.  The  current  from  this  batterv  was  sent 
to  the  magnet  through  1,060  feet  of  the  same  wire  as  had  been  used 
m  the  experiments  with  the  first  battery  of  one  cell.  The  magnet 
now  lifted  eight  ounces.  It  had  held  up  only  one  ounce  when 
with  the  same  length  of  interposed  wire  the  batter}'  of  one  cell 
was  used. 

He  now  attached  his  electro-magnet  directly  to  the  poles  of  the 
25-cell  battery,  when  to  his  astonishment  it  only  held  seven  ounces. 
The  same  magnet,  it  will  be  remembered,  when  attached  to  the  one- 
cell  battery,  supported  seventy-two  ounces. 

Here  were  facts  of  the  highest  significance,  and  Henry  was  not 
Blow  to  seize  them  in  all  their  bearings.  Referring  to  these  cx- 
periments,  he  says :  "It  is  possible  that  the  diffbrent  states  of  the 
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trough,  with  respect  to  dryness,  may  have  exerted  some  influence 
on  this  remarkable  result ;  but  that  the  effect  of  a  current  from  a 
trough  (?'.  e.,  a  series  of  cells)  is  at  least  not  sensibly  diminished 
by  passing  through  a  long  wire,  is  directly  applicable  to  Mr.  Bar- 
low's project  of  forming  an  electro-magnetic  telegraph,  and  it  is 
also  of  material  consequence  in  the  construction  of  the  galvanic 
coil. 

Henry  speaking,  in  1857,  of  these,  his  first  gatherings  into  the 
garner  of  science,  says  :  ''  Tiiese  steps  in  the  advance  of  electro- 
magnetism,  though  small,  were  such  as  to  interest  and  astonish 
the  scientific  world.  With  the  same  battery  used  by  Mr.  Stur- 
geon, at  least  a  hundred  times  more  magnetism  was  produced  than 
could  have  been  obtained  by  his  experiment.  These  developments 
were  considered  at  the  time  of  much  importance  in  a  scientific 
point  of  view,  and  they  subsequently  furnished  the  means  by  which 
magneto-electricity,  the  phenomena  of  dia-magnetism,  and  the 
magnetic  effects  on  polarized  light  were  discovered.  They  gave 
rise  to  the  various  forms  of  electro-magnetic  machines  which  have 
exercised  the  ingenuity  of  inventors  in  every  part  of  the  world, 
and  were  of  immediate  applicability  in  the  introduction  of  the 
magnet  to  telegraphic  jnuposes.  Neither  the  electro-magnet  of 
Sturgeon,  nor  an}^  electro-magnet  ever  made  previous  to  m}'  inves- 
tigations, was  applicable  to  transmitting  power  to  a  distance." 

Henry  however  was  not  satisfied  with  the  mere  statement  that 
his  discover}'  was  ''directly  applicable  to  Mr.  Barlow's  project  of 
forming  an  electro-magnetic  telegraph  ;"  he  actually  constructed 
an  electro-magnetic  telegraph.  Sometime  during  the  3'ear  1831, 
"I  arranged,"  says  he,  "around  one  of  the  upper  rooms  of  the 
Alban}^  Academy  a  wire  of  more  than  a  mile  in  length,  through 
which  I  was  enabled  to  make  signals  bj'  sounding  a  bell.  The 
mechanical  arrangement  for  effecting  this  object  was  simply  a  steel 
bar,  permanentl}'  magnetized,  of  about  ten  inches  in  length,  sup- 
ported on  a  pivot,  and  placed  with  its  north  end  between  the  two 
arms  of  a  horse-shoe  magnet.  When  the  latter  was  excited  by 
the  current,  the  end  of  the  bar  thus  placed  was  attracted  by  one 
arm  of  the  horse-shoe  and  repelled  by  the  other,  and  was  thus 
caused  to  move  in  a  horizontal  plane  and  its  further  end  to  strike 
a  bell  suitably  adjusted." 

This  was  the  first  electro-magnetic  telegraph  which  had  worked 
through  so  great  a  length  of  wire  ;  it  was  the  first  electro-magnetio 
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telegraph  in  which  an  electro-magnet  had  worked  successfully ;  it 
was  the  first  ''  sounding"  electro-magnetic  telegraph. 

On  thijs  occasion  we  have  not  the  time  to  enter  into  a  discussion 
of  the  relative  parts  played  by  Henr}'-  and  Morse  in  the  invention  of 
the  electromagnetic  telegraph  ;  nor  do  I  think  such  a  course  nec- 
essary. Henry's  own  words  as  given  in  his  "Statement  in  relation 
to  the  history  of  the  electro-magnetic  telegraph,"  and  published 
by  the  Regents  of  the  Smithsonian  Institution  in  1857,  give  all 
that  is  required  to  a  just  understanding  of  the  relations  of  these 
two  distinguished  men  to  this  invention. 

"The  principles,"  says  Henry  (referring  to  his  discoveries  in 
electro-magnetism  of  which  I  have  just  given  an  account),  "  I  had 
developed  were  applied  by  Dr.  Gale  to  render  Morse's  machine 
effective  at  a  distance."     This  statement  seems  to  be  as  direct,  as 
clear,  as  truthful,  and  as  comprehensive  as  one  can  desire.     They 
are  Henry's  own  words,  and  we  all  receive  them  as  entirely  satis- 
factory'.    "The  principles  I  had  developed  were  applied  by  Dr. 
Gale  to  render  Morse's  machine  effective  at  a  distance."     Observe, 
Henry  does  not  claim  to  have  had  any  part  in  rendering  Morse's 
machine  effective  when  near  the  batter}' ;   no,  because   that  was 
the  condition  of  the  machine  before  Morse  called  in  the  assistance 
of  Dr.  Gale  in  the  winter  of  1836-37  ;  but  Henry  does  claim  this : 
by  his  discoveries  to  have  given*  Dr.  Gale  the  principles  which 
Dr.  Gale  applied  to  Morse's  machine  and  rendered  it  effective  at  a 
distance;  nor  does  Henry  claim  Morse's  ingenious  marking  ma- 
chine— a  lever,  one  of  whose  ends  is  attracted  by  the  electro- 
magnet against  an  opposing  spring,  while  the  other  end  of  the 
lever  makes  a  mark  on  a  moving  surface.     Nor  docs  Henry  claim 
any  of  the  other  ingenious  mechanical  combinations  invented  by 
Morse.     Henry's  claim  is  the  claim  of  a  discoverer  not  of  an  m- 
tentor;  for  he  says:  "The  principles  I  had  developed  were  ap- 
plied by  Dr.  Gale  to  render  Morse's  instrument  effective  at  a 
distance." 

Henry  does  not  claim  that  his  own  telcgrai)hic  machine  (which 
was  undoubtedh'  an  original  invention)  had  been  appropriated  b}' 
Mr.  Morse ;  certainly  not,  because  it  is  an  entirely  different  inven- 
tion. And  here  let  me  call  your  attention  to  an  important  fact,  viz. : 
neither  Henry  nor  Morse  could  lay  claim  to  having  originated  the 
Wea  of  causing  a  voltaic  current  to  produce  electro-magnetic 
•ctions  at  a  distance ;  yet  the  majority  of  persons,  who  have  not 
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examined  into  the  history  of  telegraph}',  tliink  that  this  is  the 
very  point  at  issne  between  Henry  and  Morse. 

Finalh',  I  will  take  the  liberty  of  remarking  that  had  Henry 
taken  out  ti  patent  in  which  he  claimed  as  his  invention  an  electro- 
magnet formed  of  two  or  more  layers  of  insulated  wire^  Morse's 
patent  would  not  have  been  so  valuable.  Remember,  I  speak  not 
of  the  merit  of  the  invention,  but  of  the  merit  of  the  patent ;  for 
the  invention,  so  far  as  Morse  is  concerned,  would  have  remained 
the  same,  because  one  essential  part  of  a  Morse  telegraph  is 
Henry's  intensity  magnet,  and  certainly  Morse  never  invented 
that. 

Let  us  pause  here  awhile  from  following  Henry  in  his  career  of 
discoverer  and  examine  a  little  more  curiously  into  what  he  has 
just  done.  I  said,  in  the  beginning  of  this  discourse,  that  to  judge 
rightly  of  a  discoverer's  achievements  we  should  view  them  in  the 
light  of  the  knowledge  of  his  time.  What  was  that  knowledge? 
I  have  already  sketched  it  sufficiently  to  show  how  much  Heniy 
was  indebted  to  knowledge  then  existing,  at  least  in  so  far  as  he 
was  guided  thereby  in  his  work.  In  this  light  his  achievements 
appear  indeed  remarkable,  and  as  admirable  as  those  of  any  phi- 
losopher of  his  time. 

Simultaneously  with  Henry's  first  publication  in  1827,  on  the 
improvement  of  clectro-magnetik  apparatus  by  increasing  the  length 
of  the  galvanic  conductor  and  the  number  of  its  coils,  Ohm  pub- 
lished at  Berlin,  his  mathematical  law  of  galvanic  circuits,  in  a 
book  entitled  Galvanlsche  Kette,  mathematisch  bearbeitet.  This 
publication  was  not  only  received  with  indifference,  but  almost 
with  contempt  by  his  countrymen.  Professor  H.  W.  Dove,  of 
Berlin,  says  that '' in  the  Berlin  Jahrbiicher  fiir  wissenschaftUche 
Kritik^  Ohm's  theory  was  named  a  web  of  naked  fancies,  which 
can  never  find  the  semblance  of  support  from  even  the  most  super- 
ficial observation  of  facts  ;  '  he  who  looks  on  the  world,'  proceeds 
the  writer, '  with  the  eye  of  reverence  must  turn  aside  from  this 
book  as  the  result  of  an  incurable  delusion,  whose  sole  effort  is 
to  detract  from  the  dignity  of  nature.'  " 

Henry's  researches  were  based  avowedly  on  a  thoughtful  study 
of  the  work  and  theory  of  Ampere  in  1820-21,  and  of  the  gal- 
vanometer of  Schweigger  (of  the  same  date),  as  applicable  to  the 
electro-magnet  of  Sturgeon  in  1825 ;  and  his  series  of  ingenious 
experiments  during  the  years  1828-30,  were  then  completed  by 
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the  full  announcement  of  his  discoveries,  January  1,  1831.     At 
that  time,  no  writer  or  physicist  appears  to  have  had  any  just 
conception  of  the  consequences  flowing  from  Ohm's  announce- 
ment,— particularly  of  that  most  important  deduction,  viz. :  that 
the  intcrpolar   resistance  should  equal  the  internal  resistance  of 
the  battery,  in  order  to  obtain  the  maxima  of  electro-magnetic 
effects.     This  theoiy  or  law  of  Ohm, — utterly  neglected  at  home, — 
unknown  to  Wheatstone,  to  P'araday,  or  to  Roget, — could  hardly 
Toake  its  way  abroad  in  the  garb  of  a  foreign  tongue,  and  reach 
Henry  in  Albany.     Henry  could   not  read  German,  and   Ohm's 
papers  were  first  published  in  English  in  Tayloi'^s  Scientific  Me- 
^iioirSj  vol.  ii,  London,  1841.     From   the  very  manner  in  which 
Henry  worked  at  his  problems  and  viewed  the  results  of  his  ex- 
perimenting it  is  evident  that,  at  that  date,  he  had  no  knowledge 
of  Ohm's  law ;  otherwise  he  would  not  have  been  so  astonished  at 
the  results  when  his  "  intensity  magnet "  was  connected  with  his 
*' intensity  battery." 

Henry,  now  in  possession  of  the  powerful  magnets  of  his  own 
creation,  turned  his  thoughts  to  the  uses  to  which  he  might  put 
these  instruments  as  aids  in  making  other  discoveries.  He  began 
with  work  on  a  problem  which  had  baffled  many  able  men  before 
him.  He  tried  to  do  the  reverse  of  what  he  had  already  done. 
He  had  made  his  great  magnet  by  the  action  of  the  electric  cur- 
rent, he  now  tried  to  obtain  an  electric  current  from  the  magnetism 
of  his  great  magnet, — and  he  succeeded. 

It  is  not  generally  known  or  appreciated  that  Henry  and  Far- 
aday independently  discovered  the  means  of  producing  the  electric 
current  and  the  electric  spark  from  a  magnet.  T^'ndall,  in  speak- 
ing of  this  great  discovery  of  Faraday,  says :  '*  I  cannot  help 
thinking  while  I  dwell  upon  them  that  this  discovery  of  magneto- 
electricity  is  the  greatest  experimental  result  ever  obtained  by  an 
investigator.  It  is  the  Mont  Blanc  of  Faraday's  own  achievements. 
He  always  worked  at  great  elevations,  but  higher  than  this  he 
never  subsequently  attained." 

Tlie  history  of  Heni-y's  connection  with  this  notable  discovery 
i»,  I  think,  best  given  in  Henry's  own  words,  which  I  take  from 
S[(Hman*s  Journal  of  July,  1832.  Referring  to  Faraday's  discov- 
er}*, he  8a3'8 :  "  No  detail  is  given  of  the  experiments,  and  it  is 
somewhat  surprising  that  results  so  interesting,  and  which  cer- 
tainly form  a  new  era  in  the  history  of  electricity  and  magnetism, 
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should  not  have  been  more  fully  described  before  this  time  in  some* 
of  the  English  publications.  The  only  mention  I  have  found  of 
them  is  the  following  short  account  from  the  Annals  of  Philosophy 
for  April,  under  the  head  of  Proceedings  of  the  Ro^'al  Institution : 
'Feb.  17,  Mr.  Faraday  gave  an  account  of  the  first  two  parts  of 
his  researches  in  electricity,  namely,  volta-electric  induction  and 
magneto-electric  induction.  ♦  ♦  ♦  If  a  wire,  connected  at  both 
extremities  with  a  galvanometer,  be  coiled  in  the  form  of  a  helix 
around  a  magnet,  no  current  of  electricity  takes  place  in  it.  This 
is  an  experiment  which  has  been  made  by  various  persons  hundreds 
of  times,  in  the  hope  of  evolving  electricity  from  magnetism. 
But  if  the  magnet  be  withdrawn  from  or  introduced  into  such  a 
helix,  a  current  of  electricity  is  produced  ichile  the  magnet  is  in 
motion^  and  is  rendered  evident  by  the  deflection  of  the  galvan- 
ometer. If  a  single  wire  be  passed  b}^  a  magnetic  pole  a  current 
of  electricity  is  induced  through  it  which  can  be  rendered  sensible.' 
[Henry  continues :] 

''Before  having  an}-  knowledge  of  the  method  given  in  the  above 
account,  I  had  succeeded  in  producing  electrical  effects  in  the  fol- 
lowing manner,  which  ditfcrs  from  that  developed  by  Mr.  Faraday, 
and  which  appears  to  me  to  develop  some  new  and  interesting 
facts  :  A  piece  of  copper  wire  about  thirty  feet  long,  and  covered 
with  elastic  varnish,  was  closely  coiled  around  the  middle  of  the 
soft-iron  armature  of  the  galvanic  magnet  described  in  vol.  xix  of 
the  American  Journal  of  Science,  and  which,  when  excited,  will 
readily  sustain  between  six  hundred  and  seven  hundred  pounds. 
The  wire  was  wound  upon  itself  so  as  to  occupy  only  about  one 
inch  of  the  armature,  which  is  seven  inches  in  all.  The  armature 
thus  furnished  with  the  wire  was  placed  in  its  proper  position 
across  the  ends  of  the  galvanic  magnet,  and  there  fastened  so 
that  no  motion  could  take  place.  The  two  projecting  ends  of  the 
helix  were  dipped  into  two  cups  of  mercury,  and  these  connected 
with  a  distant  galvanometer  b}'  means  of  two  copper  w^ires  each 
about  forty  feet  long.  This  arrangement  being  completed,  I 
stationed  myself  near  the  galvanometer,  and  directed  an  assistant 
at  a  given  word  to  immerse  suddenly  in  a  vessel  of  dilute  acid  the 
galvanic  battery  attached  to  the  magnet.  At  the  instant  of  im- 
mersion the  north  end  of  the  needle  was  deflected  30°  to  the  west, 
indicating  a  current  of  elcctricitv  from  the  helix  surrounding  the 
armature.     The  effect  however  appeared  only  as  a  single  impulse, 
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for  the  needle,  after  a  few  oscillations,  resumed  its  former  undis- 
turbed position  in  the  magnetic  meridian,  although  the  galvanic 
action  of  the  battery,  and  consequently  the  magnetic  power,  still 
continueil.     I  was  however  much  surprised  to  see  the  needle  sud« 
denly  deflected  from  a  state  of  rest  to  about  20°  to  the  east,  or  in 
a  contrary  direction,  when  the  battery  was  withdrawn  from  the 
acid,  and  a^in  deflected  to  the  west  when  it  was  re-immersed^ 
This  operation  was  repeated  many  times  in  succession,  and  uni- 
formly with  the  same  result,  the  armature  the  whole  time  remain- 
ing immovably  attached  to  the  poles  of  the  magnet,  no  motion 
being  required  to  produce  the  effect,  as  it  appeared  to  take  place 
only  in  consequence  of  the   instantaneous   development  of  the 
magnetic  action  in  one  and  the  sudden  cessation  of  it  in  the  other. 
♦  ♦  •  From  the  foregoing  facts  it  appears  that  a  current  of  elec- 
tricity is  produced  for  an  instant  in  a  helix  of  copper  wire  sur- 
rounding a  piece  of  soft  iron  whenever  magnetism  is  induced  in 
the  iron  ;  and  a  current  in  an  opposite  direction  when  the  magnetic 
action  ceases ;  also  that  an  instantaneous  current  in  one  or  the 
other  direction  accompanies  every  change  in  the  magnetic  inten- 
sity of  the  iron." 

I  will  now  give  Henry's  account  of  the  experiment  by  which  he 
obtained  a  spark  from  the  magneto-electric  current — certainly  the 
first  flash  of  a  magneto-electric  current  ever  seen  in  this  countr}'  i 
''The  poles  of  the  magnet,"  says  Henr}-,  "were  connected  by  a 
single  ro<l  of  iron  bent  into  the  form  of  a  horse-shoe,  and  its  ex- 
tremities filed  perfectly  flat  so  as  to  come  in  perfect  contact  with 
the  faces  of  the  poles :  around  the  middle  of  the  arch  of  this 
horse-shoe  two  strands  of  copper  wire  were  tiglrtly  coiled,  one 
over  the  other.  A  current  from  one  of  these  helices  deflected  the 
needle  one  hundred  degrees,  and  when  both  were  used,  the  needle 
was  deflected  with  such  force  as  to  make  a  complete  circuit.  But 
the  most  surprising  effect  was  produced  when,  instead  of  passing 
the  current  through  the  long  wires  to  the  galvanometer,  the  op[)o- 
site  ends  of  the  helices  were  held  nearlv  in  contact  with  each  other 
and  the  magnet  suddenl}'  excited  :  in  this  case  a  small  but  vivid 
spark  was  seen  to  pass  between  the  ends  of  the  wires,  and  this 
effect  was  repeated  as  often  as  the  state  of  intensity  of  the  mag- 
net was  changed.  ♦  ♦  ♦  It  appears  from  the  May  number  of  the 
Annals  of  Philosophy,  that  I  have  been  anticipated  in  this  expeii- 
mentof  drawing  sparks  from  the  magnet  by  Mr.  James  D.  Forbes, 
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of  Edinburgh,  who  obtained  a  spark  on  the  30th  of  March,  my 
experiments  being  made  during  the  last  two  weeks  of  June.  A 
simple  notification  of  his  result  is  given,  without  any  account  of 
the  experiment,  which  is  reserved  for  a  communication  to  the 
Royal  Society  of  Edinburgh.  My  result  is  therefore  entirely 
independent  of  his,  and  was  undoubtedly  obtained  by  a  different 
process." 

A  few  words  now  will  place  Henry  in  his  proper  and  just  relation 
to  these  important  discoveries.  We  have  seen  that  all  the  infor- 
mation he  had  received  about  Faraday's  discovery  was  the  account 
of  Faraday's  production  of  magneto-electricity  by  the  sudden  in- 
sertion of  a  magnet  into  a  helix  and  by  its  sudden  withdrawal 
therefrom.  This  is  the  experiment  described  in  section  No.  39  of 
Faraday's  paper  of  November,  1831.  Henry's  experiment  is  en- 
tirely different  and  certainly  was  entirely  original  with  him,  but 
it  is  essentially  Faraday's  experiment  described  in  sections  27,  28, 
29,  30  and  31  of  the  same  paper,  and  is  the  first  in  the  order  of 
those  which  Faraday  gives  of  his  various  methods  of  evolving 
electricity  from  magnetism.  Of  this  experiment  Henry  had  no 
knowledge  when  he  obtained  the  electric  current  from  the  magnet, 
no  more  than  he  had  of  the  other  experiment  in  which  Faraday 
moved  a  permanent  steel  magnet  in  a  helix.  Thus  it  clearl}'  ap- 
pears that  though  Henry  cannot  be  placed  on  record  as  the  first 
discoverer  of  the  magneto-electric  current,  yet  it  can  be  claimed 
that  he  stands  alone  as  its  second  independent  discoverer. 

As  to  the  production  of  the  electric  spark  from  the  magneto- 
electric  current,  both  Henry  and  Forbes  were  anticipated  by  Fara- 
day, who  describes  an  experiment,  which  in  all  essentials  is  the 
same  as  Henry's,  in  section  No.  32  of  the  same  paper  of  November, 
1831. 

I  may  have  been  somewhat  tedious  in  these  long  quotations  and 
minute  narrations  of  dates,  but  my  object  is  to  place  Henry  before 
you  as  a  discoverer  and  make  you  appreciate  him,  and  that  justlj'; 
—  not  to  ask  too  nnieli  for  him,  for  that  would  injure  his  fair 
name. 

Henry's  next  discover}*  was  that  of  the  induction  of  a  current 
on  itself,  or  of  the  '•  extra  current,"  as  it  is  sometimes  called. 
Here  lie  had  the  good  hick  to  anticipate  Faraday  by  nearly  two 
years  and  a  half  in  the  observation  of  the  fundamental  facts  of 
this  discovery,  Henry  publishing  his  observations  in  July,  1832, 
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while  Faraday's  first  appear  in  tlie  Philosophical   Magazine  for 
November,  1834.     Therefore,  to  Henry  should  be  given  the  honor 
of  having  made  the  first  observations  of  these  phenomena ;   bat 
not  in  opposition  to  an}'  claim  set  up  for  Faraday,  because  Fara- 
day expressly  states  in  his  [)aper  read  before  the  Royal  Society 
on  January  29,  1835,  that  *' the  inquiry  arose  out  of  a  fact  com- 
municated to  me  by  Mr.  Jenkin,  which  is  as  follows :    If  an  ordi- 
nary wire  of  short  length  be  used  as  the  medium  of  communication 
between  the  two  plates  of  an  electro-motor  consisting  of  a  single 
pair  of  metals,  no  management  will  enable  the  experimenter  to 
obtain  an  electric  shock  from  this  wire ;    but  if  the  wire  which 
surrounds  an  electro-magnet  be  useil,  a  shock  is  felt  each  time  the 
contact  with  the  electro-motor  is  broken,  provided  the  ends  of  the 
wire  be  grasped  one  in  each  hand."     Notwithstanding  this  explicit 
statement  of  Faraday-,  neither  to  Henry  nor  to  Jenkin  is  generally 
acconleil  the  credit  for  the  original  observations,  but  it  is  given 
to  Farada}'.     This  is  accounted  for  by  the  fact  that  although  Henry 
bad  the  good  fortune  to  anticipate  others  in  the  observations,  he 
had  not  the  leisure  to  follow  up  these  observations  to  their  full 
explanation  till  after  Farada}'  had  completely  unravelled   their 
Dature.     This  was  owing  to  the  removal  of  Henry  to  Princeton  in 
November  of  1832,  shortly  after  he  had  made  his  few  preliminary 
experiments ;  and  he  did  not  resume  and  finish  this  research  till 
1834  ;  and  in  1835  he  gave  the  results  of  his  work  to  the  American 
Philosophical  Society  in  a  paper  "On  the  Influence  of  a  Spiral 
Conductor  in  Increasing  the  Intensity  of  Electricity  from  a  Gal- 
vanic Arrangement  of  a  Single  Pair,  etc." 

In  1838,  after  Henry's  return  from  his  first  visit  to  Europe,  he 
discovered  an  entirely  new  class  of  phenomena  in  electrical  induc- 
tion ;  and  as  the  field  was  entirely  his  own  he  entered  into  this 
work  with  great  enthusiasm.  In  these  researches  he  extends 
greatly  our  knowledge  of  electrical  induction.  He  first  showed  that 
an  mduced  current  may  excite  a  second  induced  current  in  a  neigh- 
boring closed  conductor,  and  this  last  may  induce  a  third  current 
in  another  neighboring  closed  circuit,  and  so  on.  These  various 
induced  currents  Henry  styled  currents  of  the  first,  second,  third, 
fouith,  fifth,  etc.,  orders.  He  shows  that  these  currents  alternate 
in  their  direction  in  the  successive  orders, — at  least  when  these 
currents  ai'c  induced  by  the  discharge  of  a  voltaic  battery.  He 
investigates   the   diflerenccs  in  the  properties  of  these  currents 
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according  ns  they  flow  through  conductors  formed  of  few  convolu- 
tions of  low  resistance  or  through  many  convolutions  of  high 
resistance.  He  shows  that  plates  of  metal,  when  their  surfaces 
are  continuous,  screen  the  inductive  action  of  a  current  of  one 
order  on  the  succeeding  order,  but  that  when  a  sector  is  cut  out 
of  the  metal  plate  the  screening  effect  disappears.  The  same 
phenomena  of  induced  currents  of  different  orders  he  tracks 
through  the  inductive  actions  of  the  discliarge  of  the  Leyden  jar 
and  of  the  ordinary  frictional  electrical  machine  in  the  most  skilful 
manner  and  shows  in  what  these  phenomena  differ  from  those  pro- 
duced by  the  inductive  actions  of  the  discharges  of  the  voltaic 
batterv. 

In  the  time  allotted  us  it  is  impossible  to  give  even  the  most 
concise  abstract  of  these  beautiful  investigations.  They  are  how- 
ever known  to  you  all.  They  form  part  of  the  doctrine  of  modern 
plnsics.  These  researches  into  the  nature  and  laws  of  the  induced 
currents  of  different  orders  are  the  most  finished  of  Henry's  works 
and  will  ever  be  regarded  as  models  of  careful  and  thorough  scien- 
tific work. 

We  here  leave  Henry's  researches  in  electricity  with  the  regret 
that  we  have  been  able  only  to  give  but  meagre  and  imperfect 
accounts  of  them  ;  and  that  the  occasion  does  not  permit  me  to 
mention  even  by  their  titles  several  of  his  investigations  in  this 
department  of  knowledge. 

HeniT  had  a  versatile  mind,  and  did  not  confine  his  attention  to 
the  studj'  of  electricity.  His  genius  has  adorned  all  departments 
of  Physics.  His  researches  in  molecular  physics,  though  not  ex- 
tensive, aix3  remarkable.  Here  his  fertile  suggestions  and  original 
methods  of  research  have  instigated  others  to  follow  out  the  paths 
which  ho  had  pointeil  out. 

In  1H39  Henr}^  made  a  ver}'  curious  discovery  as  to  the  permea- 
bilit}'  of  lead  to  mercury.  So  permeable  indeed  is  this  metal  to 
the  fluid  that  he  found  mercurv  would  ascend  a  lead  wire  to  the 
height  of  a  vard  in  a  few  days.  He  even  made  what  mio^ht  be 
called,  so  far  as  their  forms  are  concerned,  svphons  of  lead  which 
would  nearly  empty  a  vessel  of  mercury  by  gradually  drawing  the 
fluid  over  its  sides.  Subsequently,  in  1845,  with  the  assistance  of 
Mr.  Cornelius,  of  Philadelphia,  he  succeeded  in  showing  that  cop- 
per when  heated  to  the  melting  point  of  silver  would  absorb  the 
latter  metal.   This  he  distinctly  proved  by  subsequently  dissolving 
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off  the  surface  of  the  copper  plate  with  zinc  chloride,  when  the 
absorbed  silver  made  its  appearance,  having  penetrated  to  a  slight 
distance  into  the  copper. 

In  1844  Henry  is  again  at  work  in  molecular  physics,  investigat- 
ing the  nature  of  the  forces  acting  in  liquid  fihns.     This  investi- 
gation was  duly  valued  by  Plateau,  who  has  given  us  his  beautiful 
researches  into  the  conditions  of  equilibrium  of  polyliedra  with 
surfaces  formed  of  films  of  water,  and  Plateau  ehided  Henry  for 
having  neglected  to  investigate  further  into  phenomena  which  he 
was  the  first  to  discover.     Of  Henry's  work  in  this  direction  there 
only  remains  the  record  of  a  scanty  verbal  communication  which 
be  made  to  the  American  Philosophical  Society  in  1844.     From 
Ibis  I  make  the  following  abstract :  "The  passage  of  a  body  from  a 
solid  to  a  liquid  state  is  generally  attributed  to  the  neutralization 
of  the  attraction  of  cohesion  by  the  repulsion  of  the  increased 
qiiautity  of  heat ;  the  liquid  being  supposed  to  retain  a  small  por- 
tion of  its  original  attraction,  which  is  shown  by  the  force  necessary 
to  separate  a  surface  of  water  from  water, —  in  the  well-known 
experiment  of  a  plate  suspended  from  a  scale  beam  over  a  vessel 
of  the  liquid.     It  is  however  more  in  accordance  with  all  the  phe- 
nomena of  cohesion  to  suppose,  instead  of  the  attraction  of  the 
liquid  being  neutralized  by  the  heat,  tliat  the  effect  of  this  agent  is 
merely  to  neutralize  the  polarity  of  the  molecules  so  as  to  give 
tbem  perfect  freedom  of  motion  aroimd  every   imaginable   axis. 
The  small  amount  of  cohesion  (52  grains  to  the  square  inch),  cx- 
bibited  in  the  foregoing  experiment,  is  due,  according  to  the  theory 
of  capillarity  of  Young  and  Poisson,  to  the  tension  of  the  exterior 
film  of  the  surface  of  water  drawn  up  by  the  elevation  of  the  plate. 
This  film  gives  way  first,  and  the  strain  is  thrown  on  an  inner  film, 
vbich  in  turn  is  ruptured ;  and  so  on  until  the  plate  is  entirel}' 
separated  ;  the  whole  effect  being  similar  to  tearing  the  water  apart 
atom  by  atom. 

"Reflecting  on  the  subject,  the  author  has  thought  that  a  more 
correct  idea  of  the  magnitude  of  the  molecular  attraction  might  bo 
obtained  by  studying  the  tenacity  of  a  more  viscid  liquid  than 
'^ater.  For  this  purpose  he  had  recourse  to  soap- water,  and 
attempted  to  measure  the  tenacity  of  this  liquid  by  means  of  weigh- 
ing the  quan  tit}'  of  water  which  adhered  to  a  bubble  of  this  sub- 
stance just  before  it  burst,  and  by  determining  the  thickness  of  the 
film  from  an  observation  of  the  color  it  exhibited  in  comparison 
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with  Newton's  scale  of  thin  plates.  Although  exi^eriments  of  this 
kind  could  only  furnish  approximate  results,  yet  they  show  that 
the  molecular  attraction  of  water  for  water  instead  of  being  only 
about  52  grains  to  the  square  inch  is  really  several  hundred  pounds, 
and  is  probably  equal  to  that  of  the  attraction  of  ice  for  ice.  The 
effect  of  dissolving  the  soap  in  tlie  water  is  not,  as  might  at  first 
appear,  to  increase  the  molecular  attraction,  but  to  diminish  the 
mobilit}'  of  tlie  molecules  and  thus  render  the  liquid  more  viscid. 

''  According  to  the  theory  of  Young  and  Poisson,  many  of  the 
phenomena  of  liquid  cohesion,  and  all  those  of  capillarit}',  are  due 
to  a  contractile  force  existing  at  the  free  surface  of  the  liquid,  and 
which  tends  in  all  cases  to  urge  the  liquid  in  the  direction  of  the 
radius  of  curvature  towards  the  centre,  with  a  force  inversely  as 
the  radius. 

''  According  to  this  theory  the  spherical  form  of  a  dew-drop  is 
not  the  effect  of  the  attraction  of  each  molecule  of  the  water  on 
any  other,  as  in  the  action  of  gravitation  in  producing  the  globular 
form  of  the  planets  (since  the  attraction  of  cohesion  only  extends 
to  an  inappreciable  distance),  but  is  due  to  the  contractile  force 
which  tends  eonstantl}'  to  enclose  the  given  quantity  of  water 
within  the  smallest  surface,  namel3*,that  of  a  sphere.  The  author 
finds  a  contractile  force  similar  to  that  assumed  b}'  this  theory,  in 
the  surface  of  the  soap-bubble  ;  indeed,  the  bubble  may  be  consid- 
ered a  drop  of  water  with  tlie  internal  liquid  removed  and  its  place 
supplied  by  air.  The  si)herical  form  in  the  two  cases  is  produced 
by  the  operations  of  the  same  cause.  The  contractile  force  in  the 
surface  of  the  bubble  is  easily  shown  by  blowing  a  large  bubble  on 
the  end  of  a  wide  tube  —  say  an  inch  in  diameter ;  as  soon  as  the 
mouth  is  removed  the  bubble  will  be  seen  to  diminish  rapidlj',  and 
at  the  same  time  quite  a  forcible  current  of  air  will  be  blown 
thronojh  the  tube  asjainst  the  face.  This  effect  is  not  due  to  the 
ascent  of  the  heated  air  from  the  lungs  with  which  the  bubble  was 
inflated,  for  the  same  effect  is  produced  b}'  inflating  with  cold  air, 
and  also  when  the  bubble  is  held  perpendicularlj^  above  tlie  face, 
so  that  the  current  is  downward. 

*'  Many  experiments  were  made  to  determine  the  amount  of  this 
force,  by  blowing  a  bubble  on  the  larger  end  of  a  glass  tube  in  the 
form  of  a  letter  U,  and  partially  filled  with  water ;  the  contractile 
force  of  the  bubble,  transmitted  through  the  enclosed  air,  forced 
down  the  water  in  the  larger  leg  of  the  tube  and  causeil  it  to  rise 
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in  the  smaller.  The  difference  of  level  observed  by  means  of  a 
microscope  gave  the  force  in  grains  per  square  inch,  derived  from 
the  known  pressure  of  a  given  heiglit  of  water.  The  thickness  of 
the  film  of  aoap-water  which  formed  the  envelope  of  tlie  bubble 
was  estimated  as  before,  by  the  color  exhil)ite(l  just  before  burst- 
ing. The  results  of  tliese  experiments  agree  with  those  of  weighing 
the  bubble,  in  giving  a  great  intensity  to  the  molecular  attraction 
of  the  liquid  ;  equal  at  least  to  several  hundred  pounds  to  the  square 
inch.  Several  other  methods  were  employed  to  measure  the  tcnacit}" 
of  the  film,  the  general  results  of  which  were  the  same ;  the  nu- 
merical details  of  them  are  reserved  however  until  the  experiments 
can  be  repeated  with  a  more  delicate  balance. 

"  The  comparative  cohesion  of  pure  water  and  soap- water  was 
determined  by  the  weight  necessary  to  detach  the  same  plate  from 
each ;  and  in  all  cases  the  pure  water  was  found  to  exhibit  nearly 
double  the  tenacity  of  soap-water.  The  want  of  permanency  in 
the  bubble  of  pure  water  is  therefore  not  due  to  feeble  attraction, 
but  to  the  perfect  mobility  of  the  molecules,  which  causes  the 
equilibrium,  as  in  the  case  of  the  arch,  without  friction  of  parts  to 
be  destroyed  by  the 'slightest  extraneous  force." 

Another  of  Henry's  investigations  in  molecular  physics,  having 
im|>ortant  practical  bearings,  should  be  more  generally  known  than 
it  is.  Among  his  other  duties  as  chairman  of  the  United  States 
Light-House  Board  was  the  testing  of  the  various  physical  proper- 
lies  of  the  oil  submitted  to  the  Government  for  purchase.  Fluidity 
was  one  of  these  properties  of  which  it  seemed  most  difficult  to  get 
reliable  comparative  tests.  Ilenr}'^  discarded  all  the  crude  instru- 
ments and  methods  which  give  results  in  which  the  different  degrees 
of  fluidity  of  the  oils  are  masked  by  their  various  powers  of 
adhesion  to  the  surface  over  which  they  flow  during  the  process  of 
testing.  Henry  very  ingeniously  applied  the  theorem  of  Torricelli, 
which  shows  that  equal  quantities  of  all  liquids — supposing  them 
to  be  all  alike  in  fluidit}' — will  in  equal  times  flow  out  of  an  orifice 
in  the  bottom  of  a  vessel.  Henry  found  that  equal  quantities  of 
mercury  and  water  flowed  out  of  the  vessel  in  equal  times ;  but 
with  diflTerent  oils  the  times  of  flow  of  equal  quantities  were  dif- 
ferent. Thus  the  rapidity  of  flow  of  spernt  oil  exceeded  that  of 
lard  oil  in  the  ratio  of  100  to  1G7.  I  think  that  this  method  of 
experimenting  suggested  itself  to  Ilenr}'  about  fifteen  years  ago. 
I  remember  when  he  was  working  with  this  apparatus,  and  of  his 
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telling  me  that  to  his  surprise  he  found  that  alcohol  was  less  fluid 
than  water. 

Henry  always  took  a  deep  interest  in  the  study  of  acoustics. 
His  additions  to  this  branch  of  knowledge  were  chiefly  the  results 
of  his  experiments  in  connection  with  our  system  of  coast  fo«f- 
signals.  He  made  extensive  experiments  on  vai'ious  sound- 
producing  instruments,  such  as  bells,  cannon,  steam  whistles, 
and  steam  reed  and  syren  fog-horns.  He  eventuall}'  decided  in 
favor  of  the  latter  as  the  most  powerful  and  eflective  instrument 
yet  invented.  He  determined  that  these  instruments  send  their 
sounds  to  the  greatest  distances  when  they  emit  a  note  in  the  treble 
part  of  the  musical  scale.  They  are,  in  fact,  tuned  very  near  to 
the  treble  C.  Henry  also  showed  the  usclessness  of  applying 
reflectors  to  these  instruments.  But  his  principal  researches  were 
in  the  direction  of  determining  the  influence  of  various  atmospheric 
conditions  on  the  audibility  and  manner  of  propagation  of  the 
sounds  of  the  fog-horns  on  our  northern  coasts.  The  results  which 
he  reached,  though  of  great  importance,  appear  to  bear  a  very 
small  relation  to  the  great  amount  of  time  spent  and  fatigue  and 
exposure  endured  in  procuring  them. 

During  eleven  years  Henry  did  not  cease  to  labor  most  devotedly 
to  do  all  he  could  to  advance  the  efficiency  of  our  fog-signals  by 
studying  the  action  of  these  instruments  in  all  kinds  of  weather. 
Man}'  facts  were  collected,  and  very  puzzling  were  these  to  explain 
by  any  known  laws  pertaining  to  the  propagation  of  sound.  Thus 
it  was  observed  that  a  sound  coming  to  the  mariner  against  the 
direction  of  the  wind  would  cease  to  be  audible  on  the  deck  of  his 
vessel,  while  it  continued  to  be  heard  to  a  listener  on  the  mast-head. 
An  observation  made  at  Block  Island  showed  this  fact  in  a  marked 
manner.  The  lens  of  this  light  is  about  200  feet  above  the  beach 
at  the  base  of  the  cliff  on  which  stands  the  light-house.  The  wind 
was  blowing  seven  miles  an  hour.  The  vessel  sounding  its  steam 
whistle  steamed  away  from  the  light,  going  in  the  direction  towards 
which  the  wind  was  blowing.  The  listener  on  the  top  of  the  light- 
house heard  the  sound  four  times  longer  than  the  observer  on  the 
beach  ;  but  when  the  vessel  ran  away  from  the  light- house  against 
the  wind,  the  sound  disappeared  first  to  the  observer  on  the  top  of 
the  light-house. 

It  was  also  observed  that  sometimes  on  approaching  a  fog-horn 
from  a  distance  the  intensity  of  its  sound  would  gradually  increasCi 
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then  die  down  quite  rapidly  and  becorae  inaudible  through  a  space 
of  from  three  to  four  miles,  and  often  would  not  reappear  till  the 
vessel  was  within  a  mile  of  the  fog-horn.  Often  when  the  sound 
came  to  the  listener  against  a  moderate  wind  the  fog-horn  would 
become  inaudible  at  a  distance  of  three  or  four  miles,  while  on 
other  days,  when  the  wind  was  going  with  the  sound,  the  listener 
hatl  to  sail  away  twenty-five  miles  before  the  horn  ceased  to  be 
heard.  Observations  made  at  Block  Island  and  Point  Judith 
showed  this  fact  in  the  following  manner :  The  distance  between 
these  fog-horns  is  seventeen  miles,  and  the  sound  of  one  can  be 
distinctly  heard  at  the  other  when  the  air  is  quiet  and  homogen- 
eous ;  but  if  the  wind  blows  from  one  towards  the  other  the  listener 
at  the  station  from  which  the  wind  blows  is  unable  to  hear  the 
other  horn. 

The  most  remarkable  series  of  Henry's  observations  was  made 
at  Whitehead  Station,  Maine,  situate  on  a  small  island  about  one 
mile  and  a  half  off  the  coast.  The  vessel  was  approaching  the 
station  from  the  south  and  with  the  wind.  "  The  belt  of  silence" 
was  reached  and  traversed,  and  then  the  sound  reappeared.  This 
happened  whether  the  vessel  was  steaming  towards  or  away  from 
the  station,  the  wind  remaining  all  the  while  southerly.  But  dur- 
ing these  observations  on  the  vessel  the  sounds  of  the  steamer's 
whistle  were  heard  without  interruption  at  the  station.  Now  the 
Bteamer's  course  was  directed  to  the  other  side  of  the  station ;  and 
steaming  away  from  the  fog-horn  and  against  the  wind  the  whistle 
at  the  station  was  constantly  heard  by  those  on  the  vessel,  but 
those  at  the  station  now  perceived  the  steamer's  whistle  to  go  into 
and  out  of  "  the  belt  of  silence." 

These  facts  demanded  explanation,  and  for  a  long  time  remained 
enigmas  to  Henry ;  till  one  day  he  met  with  a  short  paper  by  Pro- 
fessor Stokes,  of  Cambridge,  England,  in  the  Proceedings  of  the 
British  Association  for  1857  ''in  which  the  effect  of  an  upper 
current  in  deflecting  the  wave-surface  of  sound  so  as  to  throw  it 
down  upon  the  ear  of  the  auditor,  or  directing  it  upward  far  above 
bis  head,  is  fully  explained."  In  the  Report  of  the  Light-House 
Board  for  1874  Henry  says  :  "  The  explanation  [of  these  phenom- 
ena] as  suggested  by  the  h3'pothesis  of  Professor  Stokes,  is 
founded  on  the  fact  that  in  the  case  of  a  deep  current  of  air  the 
lower  stratiina,  or  that  next  the  earth,  is  more  retarded  by  friction 
than  the  one  immediately  above,  and  this  again  than  the  one  above 


90  EULOGY   OX   JOSEPH   HENRT  ; 

it,  and  so  on.  The  efTect  of  this  diminution  of  velocity  as  we  de- 
scend towards  the  earth  is,  in  the  case  of  sound  moving  with  the 
current  to  carry  the  upper  part  of  the  sound-waves  more  rapidly 
forward  than  the  lower  part,  thus  causing  them  to  incline  towaixJ 
the  earth  or  in  other  words,  to  be  thrown  down  upon  the  ear  of  the 
observer.  When  the  sound  is  in  a  contrary  direction  to  the  cur- 
rent, an  opposite  effect  is  produced, — the  upper  portion  of  the  sound- 
waves is  more  retarded  than  the  lower,  which,  advancing  more  rap- 
idly in  consequence,  inclines  the  waves  upward  and  directs  them 
above  the  head  of  the  observer.  To  render  this  more  clear,  let  us 
recall  the  nature  of  a  beam  of  sound,  in  still  air,  projected  in  a 
horizontal  direction.  It  consists  of  a  series  of  concentric  waves 
perpendicular  to  the  direction  of  the  beam,  like  the  palings  of  a 
fence.  Now,  if  the  upper  part  of  the  waves  has  a  slightly  greater 
velocity  than  the  lower,  the  beam  will  be  bent  downward  in  a 
manner  somewhat  analogous  to  that  of  a  ray  of  light  in  proceeding 
from  a  rarer  to  a  denser  medium.  The  effect  of  this  deformation 
of  the  wave  will  be  cumulative  from  the  sound-centre  outward,  and 
hence,  although  the  velocity  of  the  wind  may  have  no  perceptible 
effect  on  the  velocity  of  sound,  yet  this  bending  of  the  wave  being 
continuous  throughout  its  entire  course,  a  marked  effect  must  be 
produced.  A  precisely  similar  effect  will  be  the  result,  but  perhaps 
in  a  considerably  greater  degree,  in  case  an  upper  current  is  moving 
in  an  opi)osite  direction  to  the  lower,  when  the  latter  is  adverse 
to  the  sound,  and  in  this  we  have  a  logical  explanation  of  the 
phenomenon  observed  by  General  Duane,  in  which  a  fog-signal  is 
only  heard  during  the  occurrence  of  a  northeast  snowstorm. 
Certainly  this  phenomenon  cannot  be  explained  by  any  peculiarity 
of  the  atmosphoro  as  to  variability  of  density,  or  of  the  amount 
of  vapor  which  it  may  contain." 

Henry's  services  to  the  Light-House  Board  were  of  great  value 
to  the  country.  The  fact  that  his  investigations  showed  that  laixi 
oil  when  heated  to  about  250°  Fahrenheit  is  superior  in  fluidity 
and  illuminating  power  to  sperm  oil,  caused  the  substitution  of  the 
former  for  the  latter;  and  thus  was  saved  a  dollar  on  each  gallon 
of  illuminating  material  purchased.  This  amounted  to  about  one 
hundred  thousand  dollars  a  year  in  favor  of  the  government. 

In  light  and  heat  Henry  made  several  interesting  investigations 
which,  reluctantly,  we  are  obliged  to  pass  over.  One  however 
holds  so  important  a  place  in  the  history  of  science  that  it  cannot 
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be  omitted  from  an}'  discourse  which  would  treat  of  Henry  as  a 
discoverer.  I  refer  to  his  application  of  the  thermopile  to  the  de- 
termination of  the  distribution  of  heat  on  the  optical  images  of 
distant  objects.  It  occurred  to  Henry  that  images  in  the  foci  of 
mirrors  and  lenses  are  formed  not  alone  by  converging  pencils  of 
light  coming  from  corresponding  points  of  the  objects  placed  before 
these  mirrors  and  lenses,  but  that  images  are  also  formed  by  the 
convergence  of  rays  which  have  no  effect  on  the  optic  nerve,  such 
as  the  rays  of  heat.  Indeed  Henry  looked  upon  the  image  as 
having,  on  a  small  scale,  the  same  distribution  of  physical  actions 
as  exist  on  the  surface  of  the  large  object,  of  which  this  image  is 
the  optical  reproduction. 

He  applied  this  conception  in  a  bold  and  wonderful  experiment ; 
which  was  no  other  than  to  study  the  distribution  of  heat  on  the 
surface  of  the  sun.  In  1845,  in  company  with  his  brother-in-law, 
Professor  Stephen  Alexander,  he  formed  an  image  of  the  sun  by 
pointing  a  telescope  to  that  body  and  then  drawing  out  the  eye-tube 
of  the  instrument  till  the  solar  image  was  clearly  defined  on  a 
screen.  In  this  screen  was  cut  a  small  aperture,  closed  by  the 
surface  of  a  thermopile.  By  motion  of  the  telescope  any  part  of 
the  solar  image  could  be  brought  on  to  the  surface  of  the  pile.  A 
solar  spot  of  considerable  magnitude  being  then  present,  he  brought 
it  on  to  the  pile  and  noticed  the  amount  of  deflection  produced  in 
the  needles  of  the  galvanometer  b}'  the  thermo-electric  current. 
Then  the  parts  of  the  sun's  image  adjacent  to  the  spot  were  brought 
to  the  thermopile  ;  and  now  he  observed  a  greater  deflection  in  the 
galvanometer  than  in  the  previous  experiment;  thus  '' clearl}' 
proving,"  as  he  8a3-s,  "  that  the  spot  emitted  less  heat  than  the 
surroumling  parts  of  the  luminous  disk." 

This  new  method  of  research  originated  with  Henry.  It  was 
shown  to  Secchi  while  he  was  in  this  country  as  Professor  in  the 
College  of  Georgetown.  On  his  return  to  Europe,  Secchi  obtained 
no  inconsiderable  repute  by  extending  these  observations  —  using 
the  methods  of  Ilenr}-,  but,  I  fear,  not  giving  suflicient  credit  to 
the  originator  of  them.  But  let  that  pass ;  for  the  bread  which 
Henry  cast  upon  the  waters  has  returned  to  our  own  shores — 
thanks  to  the  genius  and  perseverance  of  our  colleague  Langley- 

Most  reluctantly  do  I  here  desist  from  citing  further  the  works 
of  Henry.  It  is  impossible  to  crowd  into  one  brief  hour  the 
thoughts  which  were  his  occupation  during  more  than  half  a  cen- 
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tury.  I  have  at  least  endeavored  to  exbibit  before  you  the  more 
important  of  the  labors  of  his  life.  What  shall  we  think  of  them? 
Surely  they  are  on  as  high  a  plane  as  those  of  any  of  his  contem- 
poraries, and  show  as  much  originality  as  theirs  in  their  concep- 
tion— as  much  skill  in  their  execution.  Yet  it  has  been  said  that 
Henry  was  not  a  man  of  genius.  As  I  have  not  been  able  to  find 
that  the  philosoi)hers,  who  have  the  special  charge  of  giving  from 
time  to  time  definitions  of  genius,  have  been  able  to  come  to  any 
satisfactory  conclusion  among  themselves,  1  will  leave  their  com- 
pany, and,  with  your  liberty,  take  ray  definition  from  a  book  which, 
if  we  accredit  Thackeray,  is  one  of  the  very  best  novels  ever 
written  in  English.  After  listening  to  this,  you  may  form  your 
own  opinions  as  to  whether  Henry  did  or  did  not  possess  genius: 
"  By  genius  1  would  understand  that  power,  or  rather  those  powers 
of  the  mind  which  are  capable  of  penetrating  into  all  things  within 
our  reach  and  knowledge,  and  of  distinguishing  their  essential  dif- 
ferences. These  are  no  other  than  invention  and  judgment :  and 
they  are  both  called  by  the  collective  name  of  genius,  as  they  arc 
of  those  gifts  of  nature  which  we  bring  with  us  into  the  world. 
Concerning  each  of  which,  many  seem  to  have  fallen  into  very 
great  errors ;  for  by  invention,  I  believe,  is  generally  understood 
a  creative  faculty,  which  would  indeed  prove  most  romance  writers 
to  have  the  highest  pretensions  to  it ;  whereas  by  invention  is 
meant  no  more  (and  so  the  word  signifies)  than  discovery  or  find- 
ing out;  or,  to  explain  it  at  large,  a  quick  and  sagacious  penetra- 
tion into  the  true  essence  of  all  the  objects  of  our  contemplation. 
This,  1  think,  can  rarely  exist  without  the  concomitancy  of  judg- 
ment, for  how  we  can  be  said  to  have  discovered  the  true  essence 
of  two  things,  without  discerning  their  diflTerence,  seems  to  me 
hard  to  conceive.  Now  this  last  is  the  undisi)uted  province  of 
judgment ;  and  yet  some  few  men  of  wit  have  agreed  with  all  the 
dull  fellows  in  the  world,  in  representing  these  two  to  have  been 
seldom  or  never  the  property  of  one  and  the  same  person." 

My  own  judgment,  if  of  any  value,  would  rank  the  ability  of 
Henry  —  1  do  not  say  his  achievements  —  a  little  below  that  of 
Farada}'.  Indeed,  their  lives  and  their  manners  of  working  were 
strangely  alike.  Each  born  in  humble  condition,  without  any  of 
the  adventitious  aids  of  position  or  influence,  was  destined  appar- 
ently to  mechanical  occupation.  Faraday  was  an  apprentice  to 
a  bookbinder.     Henry  served  in  the  same  capacity  under  a  silver- 
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smith.  Each  started  in  life  with  moral  and  benevolent  habits,  well 
develoiKKl  and  healthy  bodies,  quick  and  accurate  perceptions, 
calm  judgment  and  self-reliance  tempered  with  modesty  and  good 
manners, — a  good  ground  surely'  in  which  to  plant  the  germs  of 
the  scientific  life.  Each,  by  innate  force  of  taste  and  intellect, 
was  impelled  to  the  pursuit  of  knowledge  under  obstacles  which 
would  have  damped  the  ardor  of  ordinary  3'ouths.  Each,  endowed 
with  a  lively  imagination,  was  in  his  younger  days  fond  of  romance 
and  the  drama ;  and,  by  a  singular  similarity  of  accidents,  cacli 
had  his  attention  turned  to  science  by  a  book  which  chance  threw 
in  his  way.  This  work  in  the  case  of  Faraday  was  "Mrs.  Marcel'r. 
Conversations  on  Chemistr}',"  and  the  book  which  influenced 
HenrA''s  career  was  ''  Gregory's  Lectures  on  Experimental  I'hi- 
losophy.  Astronomy  and  Chemistry."  Of  Mrs.  Marcet*s  book 
Faraday  thus  writes  : — "My  dear  Friend, — Your  subject  interested 
me  deeply  every  way ;  for  Mrs.  Marcet  was  a  good  friend  to  me, 
as  she  must  have  been  to  many  of  the  human  race.  I  entered  the 
shop  of  a  bookseller  and  bookbinder  at  the  age  of  thirteen,  in  the 
year  1804,  remaining  there  eight  years,  and  during  the  chief  part 
of  the  time  bound  books.  Now  it  was  in  tiiose  books,  in  the 
hours  after  work,  tliat  I  found  the  beginning  of  my  philosoph}'. 
There  were  two  tliat  especially  helped  me,  the  'Encyclopaedia 
Britannica,'  from  which  I  gained  my  first  notions  of  electricity, 
and  Mrs.  Marcet's  '  Conversations  on  Chemistry,'  which  gave  me 
my  foundation  in  that  science. 

"Do  not  suppose  that  I  was  a  very  deep  thinker,  or  was  marked 
as  a  pi*ecocious  person.  I  was  a  lively,  imaginative  person,  and 
could  believe  in  the  'Arabian  Nights'  as  easily  as  in  the  'Encyclo- 
pfledia.'  But  facts  were  important  to  me  and  saved  me.  I  could 
trust  a  fact  and  alwaj-s  cross-examined  an  assertion.  So  when  I 
questioned  Mrs.  Marcet's  book  by  such  little  experiments  as  I 
could  find  means  to  perform,  and  found  it  true  to  the  facts  as 
1  could  understand  them,  I  felt  that  I  had  got  hold  of  an  anchor  in 
chemical  knowle<lge,  and  clung  fast  to  it.  Thence  m}-  deep  vener- 
ation for  Mrs.  Marcet — first,  as  one  who  had  conferred  great  per- 
sonal good  and  pleasure  on  me ;  and  then  as  one  able  to  convey 
the  truth  and  principle  of  those  boundless  fields  of  knowledge 
which  concern  natural  things  to  the  young,  untaught  and  inquiring 
mind. 

"You  may  imagine  my  delight  when  I  came  to  know  Mrs. 
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Marcct  personally  ;  how*  often  have  I  cast  my  thoughts  backward, 
delighting  to  connect  the  past  and  the  present ;  how  often,  when 
sending  a  paper  to  her  as  a  thank-offering,  I  thought  of  my  firet  m- 
structrcss,  and  such  thoughts  will  remain  with  me." 

Henry  wrote  on  the  inside  of  the  cover  of  Gregory's  work  the 
following  words  :  ''  This  book,  although  by  no  means  a  profound 
work,  has,  under  Providence,  exerted  a  remarkable  influence  on  my 
life.  It  accidentally  fell  into  my  hands  when  I  was  about  sixteen 
years  old,  and  was  the  first  book  I  ever  read  with  attention.  It 
opened  to  me  a  new  world  of  thought  and  enjoyment ;  invested 
things  before  almost  unnoticed  with  the  highest  interest ;  fixed  my 
mind  on  the  stud}'  of  nature,  and  caused  me  to  resolve  at  the  time 
of  reading  it  that  I  would  immediately  commence  to  devote  my 
life  to  the  acquisition  of  knowledge.  J.  II." 

P^ach  of  these  philosophers  worked  "with  simple  instruments 
mostly  constructed  by  his  own  hands,  and  by  methods  so  direct 
that  he  appeared  to  have  an  almost  intuitive  perception  into  the 
workings  of  nature ;  and  each  gave  great  care  to  the  composition 
of  his  writings,  sending  his  discoveries  into  the  world  clothed  in 
simple  and  elegant  English. 

Finalh',  each  loved  science  more  than  mone}',  and  his  Creator 
more  than  either. 

There  was  sympathy  between  these  men ;  and  Henry  loved  to 
dwell  on  the  hours  that  he  and  Bachc  spent  in  Faraday's  society. 
I  shall  never  forget  Henry's  account  of  his  visit  to  King's  College, 
London,  where  Faraday,  Wheatstone,  Daniell  and  he  had  met  to 
try  and  evolve  the  electric  s[)ark  from  the  thermopile.  Each 
in  turn  attempted  it  and  failed.  Then  came  Henry's  turn.  He 
succeeded  ;  calling  in  the  aid  of  his  discovery  of  the  effect  of  a  long 
interpolar  wire  wrapped  around  a  i)iece  of  soft  iron.  Faraday  be- 
came as  wild  as  a  boy,  and,  jumping  up,  shouted,  ''  Hurrah  for  the 
Yankee  experiment !" 

And  Faraday  and  Wheatstone  reciprocated  the  high  estimation 
in  which  Henry  held  them.  During  a  visit  to  England,  not  long 
before  Whoatstone's  death,  he  told  me  that  Faradaj'  and  he  had, 
after  Hcmv's  classictil  invcsti2:ation  of  the  induced  currents  of 
different  orders,  written  a  joint  letter  to  the  council  of  the  Royal 
Societ}',  urging  that  the  Copley  medal,  that  laurel  wreath  of  sci- 
ence, should  be  bestowed  on  Henry.  On  further  consultation  with 
members  of  the  council  it  was  decided  to  defer  the  honor  till  it 
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would  come  with  greater  6clat,  when  Henry  had  continued  further 
his  researches  in  electricity.  Henry's  removal  to  "Washington  in- 
terrupted these  investigations.  Wheatstone  promised  to  give  mo 
this  letter,  to  convey  to  Henr}'  as  an  evidence  of  the  high  appre- 
ciation which  Faraday  and  he  had  for  Henry's  genius  ;  but  Wheat- 
stone's  untimely  death  prevented  this. 

Both  Faraday  and  Henry  gave  much  thought  to  the  philosophy 
of  education,  and  in  the  main  their  ideas  agreed.  I  ma}*,  in  this 
connection  be  excused  from  reading  abstracts  from  a  letter  from 
Henrj'  soon  after  he  had  received  the  news  I  had  given  my  son  his 
name.  He  says — what  may  be  news  to  most  of  you  :  *'  I  did  not 
object  to  Henry  as  a  flrst  name ;  although  I  have  been  sorry  that 
my  grandfather,  in  coming  from  Scotland  to  this  country,  substi- 
tuted it  for  Hendrie,  a  much  less  common,  and  therefore  more 
distinctive  name."  He  then  proceeds :  "I  hope  that  both  his 
body  and  his  mind  will  be  so  developed  by  proper  training  and 
instruction,  that  he  may  become  an  efficient,  wise,  and  good  man. 
I  say  efllcicnt  and  wise,  because  these  two  characteristics  are  not 
always  united  in  the  same  person.  Indeed,  most  of  the  inefficiency 
of  the  world  is  due  to  their  separation ;  wisdom  may  know  what 
ought  to  be  done,  but  it  requires  the  aid  of  efficiency  to  accom- 
plish the  desired  object.  I  hope  that  in  the  education  of  your 
son  due  attention  may  not  only  be  given  to  the  proper  develop- 
ment of  l>oth  these  faculties,  but  also  that  they  will  be  cultivated 
in  the  order  of  nature :  that  is,  doing  before  thinking  ;  art  before 
science.  By  inverting  this  order  much  injury  is  frequently  done 
to  a  child,  especially  in  the  case  of  the  only  son  of  a  widowed 
mother,  in  which  a  precocious  boy  becomes  an  insignificant  man. 
On  examination,  in  such  a  case,  it  will  be  generally  found  that  the 
boy  has  never  been  drilled  into  expertness  in  the  art  of  language, 
of  arithmetic,  or  of  spelling,  of  attention,  perseverance,  and  order, 
or,  in  other  words,  of  the  habits  of  an  active  and  efficient  life." 

Henry  was  a  man  of  extensive  reading,  and  often  surprised  his 
friends  by  the  extent  and  accuracy  of  his  information,  and  by  the 
original  manner  in  which  he  brought  his  knowledge  before  them. 
Not  only  was  he  well  versed  in  those  subjects  in  which  one  might 
natnrallv  suppose  him  proficient,  but  in  departments  of  knowledge 
entirely  distinct  from  that  in  which  he  gained  his  reputation  as  an 
original  thinker.  Although  without  a  musical  ear,  he  had  a  nice 
feelino'  for  the  movement  of  a  poem,  and  was  fond  of  drawing  from 


9G     EULOGY  ON  JOSEPH  HENRY  ;  BY  ALFRED  If.  MAYER. 

his  retentive  memory  poetic  quotations  apt  to  the  occasion.  He 
was  a  diligent  student  of  mental  philosophy,  and  also  took  a  lively 
interest  in  the  progress  of  biological  science,  especially  in  follow- 
ing the  recent  generalizations  of  Darwin  ;  while  the  astonishing  de- 
velopment of  modern  research  in  tracking  the  history  of  prehistoric 
man  had  for  him  a  peculiar  fascination.  Yet  with  all  his  learning, 
reputation,  and  influence,  Henry  was  as  modest  as  he  was  pure. 
One  day,  on  opening  Henry's  copy  of  "  Young's  Lectures  on 
Natural  Philosophy"  —  a  book  which  he  had  studied  more  than 
any  other  work  of  science — I  read  on  the  fly-leaf,  written  by  his 
own  hand,  these  words : — 

'*  In  Natui-o's  infinite  book  of  secrecy 
A  little  I  can  I'ead. 

Shaketpeare,** 

And  did  he  not  read  a  little  "  in  Nature's  infinite  book  of  secrecy"? 
And  did  he  not  read  that  little  carefully  and  well  ?  May  we  all 
read  our  little  in  that  book  as  modestly  and  as  reverently  as  did 
Joseph  Henry. 
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Fhilow-Members  of  the  Association  : — 

-Astronomy,  in  some  of  its  forms,  reaches  back  to  the  most  dis- 
tant historical  epochs,  and  the  changes  that  it  has  undergone  dur- 
ing this  long  lapse  of  time  give  to  this  science  a  peculiar  interest. 
In  no  other  branch  of  human  knowledge  have  we  such  a  long  and 
continuous  history  of  the  search  after  truth,  of  the  painful  struggle 
tlirough  which  men  have  passed  in  freeing  themselves  from  theories 
approved  by  the  wise  of  their  own  times,  and  in  overthrowing  be- 
Uefs  which  had  become  incorporated  into  the  life  and  culture  of  those 
^^^es.     Perhaps  the  grand  array  of  the  heavens,  and  the  vast  phe- 
nomena which  the}'  display,  naturally  led  men  to  the  invention  of 
^^mplicated  theories  ;  but  these  passed  away  at  last  before  the  test 
^t  observation,  and  the  criticism  of  sceptical  men  ;  and  the  Coper- 
*^ican  theory  of  our  solar  system,  Kepler's  laws  of  elliptical  motion, 
^^  the  Newtonian  law  of  graAitation,  gave  to  astronomy  a  real 
^^entific  character. 

The  discovery  of  the  laws  that  govern  the  motions  of  the  heavenly 
^^<^e8,  and  the  construction  of  the  theory  of  these  motions,  de- 
'Jowided  from  practical  astronomy  better  observations  and  a  more 
decorate  determination  of  the  orbits  of  the  planets  and  the  moon,  or 
^f  the  constants  that  enter  into  the  problems  of  celestial  mechanics  ; 
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and  this  demand  led  to  an  improvement  in  the  instimments,  and  m 
the  art  of  observing.  The  astronomers  and  instrument-makers  of 
England  and  France  led  the  way  in  these  improvements.  The 
great  national  observatories  of  those  countries  were  established, 
and  in  England,  Flamsteed  and  Sharp,  Bird  and  Bradley,  were  fore- 
most in  raising  practical  astronomy  to  the  condition  of  satisfying 
the  demands  of  theory.  But  theoretical  astronomy  was  soon  to  re- 
ceive a  wonderful  advancement.  Perhaps  no  one  contributed  more 
powerfully  to  this  progress  than  Lagrange.  The  writings  of  this 
man  are  models  of  simplicity  and  elegance ;  and  yet  so  complete 
and  general  are  his  investigations,  that  they  contain  the  fundamental 
theorems  of  celestial  mechanics.  By  the  invention  and  perfection 
of  the  method  of  the  variation  of  the  arbitrary  constants  of  a  prob- 
lem, and  by  the  establishment  of  the  differential  equations  of  a 
planetary  orbit  depending  on  the  partial  differential  coefficients  of  a 
single  function,  Lagrange  reduced  the  question  of  perturbations  to 
its  simplest  form,  and  gave  the  means  of  deducing  easily  the  most 
interesting  conclusions  on  the  past  and  future  condition  of  our  solar 
sj'stem.  To  supplement  this  great  theorist,  there  was  needed 
another  kind  of  genius.  Combining  the  highest  mathematical  skill 
with  unequalled  sagacity  and  common  sense  in  its  application,  Lf> 
place  gathered  up  and  presented  in  a  complete  and  practical  form 
the  whole  theor}*  of  celestial  mechanics.  Besides  his  numerous  and 
brilliant  discoveries  in  theoretical  astronom}",  Laplace  gave  us  some 
of  the  finest  chapters  ever  written  on  the  theory  of  attraction,*  and 
a  complete  treatise  on  the  calculus  of  probability. 

By  such  labors  as  these  the  questions  of  astronomy  were  brought 
into  order  and  classified,  and  the  attention  of  astronomers  was  di- 
rected better  tlian  ever  before  to  the  determination  of  the  quantities 
which  must  be  found  from  observation.  Moreover,  the  refinement 
of  analysis  and  the  completion  of  theory  brought  out  new  and 
more  delicate  questions,  not  less  interesting,  and  requiring  more 
complete  investigation  and  more  powerful  instruments.  The  careful 
examination  and  stud}'  of  the  instruments  and  methods  of  ob8er\'a- 
tion  became  necessar}',  as  well  as  complete  and  rigorous  methods  of 
reduction  ;  and  finally  there  was  needed  a  critical  and  satisfactory 
method  for  the  discussion  of  observations.  For  these  last  improve- 
ments in  asti'onom}'  we  are  indebted  chiefly  to  the  astronomers  and 
mechanics  of  German}'. 

*  "  Eiii  schoncs  Document  der  feinsten  analytischen  Kanst" — Gxuts. 
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Among  those  who  contributed  by  means  of  their  optical  and  me- 
chanical skill  to  flimish  astronomy  with  the  instruments  necessary 
for  its  further  advancement,  no  one  holds  a  more  honorable  place 
than  Joseph  Frauenhofer.  This  man  began  his  scientific  work  at 
the  age  of  twenty-two,  and  died  at  thirty-nine,  and  yet  in  those 
seventeen  years  he  gave  to  astronomy  great  improvements  in  the 
manufacture  of  optical  glass,  driving  clocks  for  equatorials,  and  tel- 
escopes and  micrometers,  that  in  the  hands  of  Bessel  and  Struve 
gave  to  observations  a  degree  of  accuracy  hardly  thought  of  before. 
To  such  men  as  Frauenhofer  and  his  co-workers,  who  have  carried  on 
and  improved  the  construction  of  instruments  of  precision,  practical 
astronomy  owes  much ;  and  yet,  after  all,  the  principal  thing  in  a 
science  is  the  man  himself.  No  matter  how  excellent  the  instru- 
ments may  be,  the  question  whether  they  shall  be  used  for  the  ad- 
vancement of  the  science,  and  shall  contribute  the  full  value  of  their 
peculiarities  to  help  towards  increasing  the  accuracy  of  astronomical 
determinations,  depends  wholly  on  the  astronomer.  Again,  astron- 
omy is  now  so  completel}'  a  science,  and  all  its  operations  are  so 
dosely  connected  with  theory,  that  no  one  is  fit  to  have  charge  of  an 
extended  series  of  astronomical  observations  who  has  not  a  fair 
amount  of  theoretical  knowledge.  Without  such  knowledge  his 
labor  is  apt  to  be  thrown  awaj',  and  is  never  so  effective. 

As  a  good  example  of  what  the  modern  astronomer  should  aim 
to  be,  we  may  take  Bessel.  To  this  man  we  owe  a  large  part  of 
om*  best  methods  for  the  examination  and  determination  of  the  er- 
rors of  our  instruments,  and  the  introduction  of  complete  and  rig- 
orous methods  for  the  reduction  of  observations.  Bessel's  reduc- 
tion and  discussion  of  Bradley's  observations  was  a  master-piece  of 
its  kind,  bringing  out  the  value  of  Bradley's  work,  which  had  lain 
unnoticed  for  more  than  half  a  century,  and  forming  a  starting- 
point  for  sidereal  astronomy.  This  work  was  continued  and  per- 
fected in  his  tables  for  the  reduction  of  astronomical  observations, 
published  twelve  j'ears  afterwards ;  a  work  that  has  done  more 
than  anything  else  to  introduce  order  and  system  into  practical  as- 
tronomy. In  the  discussion  of  instruments  and  the  determination 
of  their  errors,  Bessel's  conception  of  an  instrument  was  that  of  a 
geometrical  figure,  and  the  positions  of  the  lines  and  divisions  of 
this  instroment  were  considered  with  corresponding  rigor.  Although 
devoted  almost  entirely  to  astronom}- ,  j-ct  Bessel  was  an  able  math- 
ematician, and  of  this  he  has  left  abundant  proof.     It  seems  to  be 
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necessary  that  a  man  should  die  and  be  forgotten  personally  before 
his  work  can  be  fairly  estimated ;  but  time  adjusts  these  matters  at 
last,  and  I  know  of  no  astronomer  whose  work  promises  to  endure 
the  judgment  of  the  future  better  than  that  of  F.  W.  Bessel. 

It  has  been  said  that  for  producing  the  most  puzzling  compound 
of  metaphysics  and  mathematics,  something  which  has  neither 
height  nor  depth,  nor  length  nor  breadth,  and  which  no  one  can  un- 
derstand, the  German  mathematician  is  unequalled.  And  at  the 
same  time  it  must  be  said  that,  for  clearness  of  conception,  and 
beauty  and  precision  of  expression,  Germany  has  produced  in 
Gauss  a  mathematician  who  is  unsurpassed,  and  who  is  worthy  a 
place  by  the  side  of  Lagrange.  Omitting  all  reference  to  the  works 
of  Gauss  in  theoretical  astronomy  and  in  geodesy,  wluch  are  many 
and  important,  I  refer  here  onlj'  to  his  method  for  the  discussion 
of  observations,  and  of  deducing  the  most  probable  values  of  our 
constants.  Almost  the  entire  work  of  astronom}^  is  a  vast  system 
of  numerical  approximation,  in  which  the  first  steps  are  obvious 
and  easy,  but  where  the  theory  soon  becomes  complicated  and  the 
labor  enormous.  Thus  the  calculation  of  the  approximate  orbit  of 
a  planet  or  of  a  comet  is  the  work  of  only  a  few  hours  ;  but  the 
computation  of  the  perturbations,  and  the  correction  of  the  elements 
from  all  the  observations,  may  be  the  work  of  months  and  ye&TS. 
It  is  therefore  of  the  highest  importance  that  we  should  have  a 
method  for  the  discussion  of  observations  that  will  give  us  the  best 
result,  and  which  will  introduce  order  and  system  into  this  depart- 
ment of  astronora}'.  Such  a  method  is  that  of  least  squares.  For 
the  complete  theory'  of  this  method,  and  for  nearly'  all  the  arrange- 
ments and  algorithms  necessary  for  its  practical  application,  we  are 
indebted  to  Gauss.  The  invention  and  application  of  this  method 
to  the  discussion  of  observations  of  all  kinds  seems  to  me  one  of 
the  greatest  improvements  of  modern  times,  and  its  proper  use  will 
lead  to  a  stead}*  progress  in  astronomy.  We  must  remember,  how- 
ever, that  this  method  does  not  undertake  the  improvement  of  the 
observations  themselves,  as  some  have  seemed  to  think ;  but,  when 
rightl}'  used,  it  produces  simply  the  best  result  we  can  hope  for 
from  a  given  series  of  observations.  It  does  not,  therefore,  dispense 
with  skill  and  judgment  on  the  part  of  the  astronomer,  but  one  ia 
tempted  to  say  that,  if  he  has  not  these  prime  qualities,  then  the 
next  best  thing  for  him  to  have  is  the  method  of  least  squares. 
The  use  of  this  method  has  become  one  of  the  chief  characteristics 
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of  modem  astronomy,  and  if  we  compare  the  results  of  its  applica- 
tion with  those  of  the  older  methods,  we  shall  see  its  superiority. 
Thus,  for  example,  no  astronomer  of  to-day,  who  is  accustomed  to 
the  modern  methods  of  discussion,  would  be  satisfied  with  the  man- 
ner in  which  Bouvard  represents  in  his  tables  the  observations  of 
Jupiter  and  Saturn,  but  would  suspect  at  once  some  error  in  his 
theory  of  the  motions  of  these  planets. 

The  present  condition  of  astronomy  is  the  result  of  the  continued 
labors  of  our  predecessors  for  manj*  generations ;  and  to  this  result 
the  lapse  of  time  itself  has  largely'  contributed.  For  the  full  devel- 
opment of  the  secular  changes  of  our  solar  system,  for  an  accurate 
knowledge  of  the  proper  motions  of  the  stars  of  our  sidereal  universe, 
and  of  the  great  changes  of  light  and  heat  that  are  going  on  among 
them,  the  astronomer  must  wait  until  future  ages.  It  is  his  present 
duty  to  prepare  for  that  future  by  making  the  observations  and  in- 
vestigations of  bis  own  day  in  the  best  manner  possible  ;  and  to  do 
this  needs  a  careful  consideration  of  the  present  condition  of  tlie 
science.  Although  the  objects  for  observation  have  become  so 
numerous,  and  the  range  of  investigation  so  wide,  that  there  is 
room  for  the  most  varied  talent  and  skill,  3'et  there  is  danger  that 
there  may  be  a  waste  of  labor,  either  in  duplicating  work,  or  in 
doing  it  in  an  improper  manner.  Especially  may  this  happen  in 
observations  of  the  principal  planets  of  our  sj'stem,  and  of  the  fixed 
stars.  In  the  case  of  the  planets  the  observations  are  abundant, 
and  the  orbits  are  already'  well  determined,  except  that  of  Neptune, 
for  which,  on  account  of  its  slow  motion,  we  must  of  neceesit}'  wait 
for  time  to  develop  its  small  peculiarities,  if  such  there  be.  For  all 
these  planets  the  observations  at  one  or  two  observatones  are  amply 
BufiScient,  and  even  then  the  observations  ought  to  be  confined  to  a 
short  time  near  the  ojipositipn,  or  at  quadrature,  and  so  made  that 
they  may  be  easily  combined  into  a  single  normal  position,  which 
will  sufiSce  for  the  theoretical  astronomer.  To  scatter  such  obser- 
vations over  a  period  of  several  months  is  to  throw  away  one's  la- 
bor, and  to  leave  to  the  computer  the  disagreeable  duty  of  rejecting 
a  part  of  the  obsen'ations  as  useless.  It  seems  to  me,  therefore, 
unwise  for  several  observatories  to  continue  heaping  up  observa- 
tions of  the  four  outer  planets  of  our  63'stem,  when  ten  obsena- 
tions  a  3'ear  of  each  planet  will  give  all  the  data  that  are  needed. 
Again,  for  all  the  principal  planets,  observation  is  now  in  advance 
of  theory,  except,  perhaps,  in  the  case  of  one  or  two  of  them. 
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Thus,  for  Saturn,  all  the  tables  are  decidedly  in  error,  and,  although 
an  attempt  has  been  made  to  accuse  the  observations  of  this  planet, 
it  is  quite  certain  that  the  trouble  lies  in  the  theory ;  for  in  the  case 
of  Jupiter  and  Saturn  we  have  the  most  compUcated  planetary 
theory  of  our  system,  and  one  that  has  not  j'ct  been  completely  de- 
veloped. It  seems  to  rae,  also,  that  observations  of  our  moon  might 
well  be  confined  to  one  or  two  observatories.  Here  again  observa^ 
tion  is  far  in  advance  of  theory,  if  indeed  there  be  now  in  use  any- 
where a  pure  lunar  theory.  All  the  lunar  ephemerides  that  we  have 
are  affected  with  empirical  terms,  and  the  lunar  theory  itself  remains 
an  unsolved  mystery.  In  this  case  there  is  no  attempt  to  impeach 
the  observations.  The  trouble  seems  to  be  with  the  perturbations 
of  long  period,  and  this  does  not  call  for  numerous  observations 
during  each  lunation.  By  a  proper  consideration  of  these  matters 
astronomers  may,  I  think,  save  themselves  much  useless  labor. 

Observations  of  the  fixed  stars  are  of  the  utmost  importance  in 
astronom}',  since  the  positions  of  the  stars  are  the  fundamental 
points  on  which  depends  our  knowledge  of  the  motions  of  the 
planets,  the  moon,  and  of  the  stars  themselves  ;  and  it  is  on  account 
of  this  fact  tbat  BesseFs  tables,  published  in  1830,  were  of  such 
great  service,  since  the}'  introduced  correct  and  elegant  methods  of 
reduction,  and  clearl}*  defined  all  the  constants  and  epochs.  We 
now  have  the  positions  of  several  hundred  stars  so  well  known  that 
they  may  be  safely  used  in  the  reduction  of  observations  ;  and  for 
these  accurate  positions  we  are  largel}*  indebted  to  the  astronomers 
of  the  Pulkowa  Observatory-,  who  have  made  such  absolute  deter- 
minations a  special  work.  Tliere  is  still  an  opportunity  for  the  im- 
provement of  these  positions,  and  ever}-  well-executed  determination 
will  be  of  value  ;  but  it  is  doubtful  if  crude  and  irregular  observa- 
tions can  add  anything  to  our  knowledge  of  the  positions  of  these 
stars.  Xcithcr  can  the  routine,  mechanical  style  of  observing,  that 
is  apt  to  prevail  in  large  observatories,  be  of  much  use  here.  It 
would  be  better  in  most  cases  for  such  observatories  to  assume  the 
positions  of  the  fundamental  stars,  and  to  leave  the  further  improve- 
ment of  their  places  to  skilful  astronomers  who  understand  the 
theory  of  such  work,  and  who  carefull}'  stud}^  and  become  masters 
of  their  instruments.  In  these  refined  observations  the  refraction 
of  light  by  our  atmosphere  also  plays  an  important  part,  and  this 
question  will  need  to  be  examined  at  ever}'  observatory  that  under- 
takes to  do  independent  work.     It  is  true  that  every  new  and  good 
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meridian  instrument  may,  and  perhaps  ought,  to  contribute  some- 
thing towards  removing  constant  eiTors,  and  giving  us  a  more 
accurate  knowledge  of  a  star's  position  ;  but  when  this  position  is 
very  well  known,  the  only  way  for  further  improvement  is  through 
complete  and  caref\il  obsers-ations,  and  their  thorough  reduction  and 
discossion. 

If.  the  observations  of  double  stars  but  little  had  been  done  be- 
fore the  present  century,  and  the  labors  of  W.  Struve  form  the  real 
starting-point  in  this  branch  of  astronomy.  These  labors  have 
been  ably  continued  by  his  son,  the  present  Director  of  the  Pulkowa 
Observatory,  and  the  observations  of  these  two  astronomers,  ex- 
tending over  a  period  of  nearly  sixty  years,  are  of  the  greatest 
value  for  our  knowledge  of  the  motions  of  the  double  stars.  This 
is  a  branch  of  the  science  into  which  irregular  workers  are  apt  to 
enter,  and  where  some  of  them  have  done  good  service ;  but  if 
any  amateur  astronomer  will  compare  his  own  work  with  that  of 
the  Struves,  and  will  study  the  methods  followed  by  them  in  deter- 
mining their  personal  and  instrumental  errors,  and  will  emulate  tlie 
steadiness  with  which  they  have  followed  out  their  purpose,  he  can 
do  much  to  enhance  the  value  of  his  labor.  Here  the  observations 
are  simple,  and  easily  reduced,  and  the  chief  requisites  are  skill  and 
patience  on  the  part  of  the  observer.  He  should  not  be  discour- 
aged because  he  Obtains  no  immediate  or  great  reward  for  his  work, 
or  public  notice,  or  because  some  one  who  rants  about  the  nebular 
hypothesis  and  kindred  subjects  of  which  he  knows  nothing  is  for 
a  time  the  great  astronomer  of  the  day.  The  observer  wDl  learn 
finally  that  a  good  observation  of  the  smallest  double-star,  or  of  the 
faintest  comet  or  asteroid,  is  worth  more  than  all  such  vague  talk. 
The  observation  has  a  positive  value,  however  small,  but  the  physical 
theories  of  the  universe,  of  which  modern  popular  science  is  so 
productive,  are  generall}'  worse  than  useless. 

The  first  step  towards  a  rational  and  trustworthy  knowledge  of 
oar  sidereal  universe  must  come  from  a  determination  of  the  dis- 
tances of  the  Btars.  The  solution  of  this  problem  was  attempted 
soon  after  the  Copemican  theory  of  our  solar  sj'stem  was  estab- 
lished, when  it  was  seen  that  we  have  a  long  base  line  for  our 
measures,  or  the  diameter  of  the  earth's  orbit,  and  it  was  supposed 
that  the  solution  would  be  easy.  These  early  trials  were  all  failures, 
hut  tbej  led  to  some  very  interesting  and  important  discoveries. 
Bach  as  Bradley's  discovery  of  the  aberration  of  light ;  to  the  knowl- 
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edge  of  the  fact  that  the  deteimination  of  the  parallaxes,  ot  the 
distances  of  the  stars,  although  simple  in  theory,  is  practically  a 
difficult  question  ;  and  then  to  an  improvement  in  the  instrumental 
means  of  observation,  to  a  careful  stud}' of  the  methods  of  obsers^a- 
tion  and  the  instruments,  and  to  a  recognition  of  the  necessity  of  a 
complete  and  rigorous  reduction  of  the  observations.    An  examina- 
tion of  these  early  attempts  is  an  instinctive  study.     It  is  only 
about  forty  years  ago  that  the  solution  of  this  problem  was  at  last 
attained,  and  then  only  bj'  the  application  of  the  most  powerful  in- 
struments, and  the  best  observing  skill.      An  interesting  result  of 
the  determinations  of  stellar  parallax  is  obtained  at  once  in  the  check 
it  puts  on  speculations  concerning  the  structure  of  the  sidereal  uni- 
verse.    The  first  astronomers  who  considered  the  parallaxes  of  the 
stars  vcr}'  naturally  assumed  that  the  bright  stars  are  nearer  to  us 
than  the  faint  ones,  and  therefore  they  observed  the  bright  stars  for 
parallax.     Now,  while  this  assumption  may  be  true  as  a  general 
statement,  the  actual  determinations  of  parallax  show  that  some  of 
the  faint  stars  which  are  not  visible  to  the  naked  eye  are  much 
nearer  to  us  than  the  brightest  stars  of  our  northern  sky.     Again  it 
was  assumed  that  a  large  proper  motion  is  a  certain  index  of  a 
star's  nearness  to  us  ;  but  observation  shows  that  this  also  may  be 
an  erroneous  assumption.     This  is  a  problem  whose  solution  is  only 
just  begun,  but  already'  we  know  enough  of  its  difficulties  to  see  that 
we  nood  the  most  powerful  micrometrical  apparatus  that  can  be 
brought  into  use.     The  invention  of  some  micrometer  that,  while  as 
accurate  as  the  present  filar  micrometer,  would  give  the  observer  a 
much  greater  range  of  observation,  and  enable  him  to  select  suita- 
ble stars  of  comparison,  is  something  much  to  be  desu*ed.      At 
present  the  heliometer  seems  to  be  the  best  instrument  for  observa- 
tions of  this  kind.     Formerly  it  was  thought  that  photography  would 
furnish  a  good  method  for  such  delicate  determinations  ;  but  so  far 
the  photographic  methods  have  not  given  the  necessaiy  degree  of 
accuracy  in  the  measurements,  and  the  astronomical  use  of  photog- 
raphy is  confined  mostly  to  descriptive  astronomy,  where,  especially 
in  solar  eclipses,  it  has  rendered  excellent  service.     Closely  con- 
nected with  the  parallaxes  of  the  stars  and  their  proper  motions  is 
the  interesting  question  of  determining  their  motions  to  or  from 
our  sun  according  to  the  theoiy  of  Doppler.     Here  likewise  the  nu- 
merical determinations  are  so  discordant,  that  we  cannot  have  much 
confidence  in  the  results.     In  both  these  cases  we  need  more  pow- 
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erf  111  apparatus,  and  a  complete  and  thorough  inveetigation  of  the 
methodd  of  obaervation.  Perhaps  some  of  the  large  instruments 
now  constructing  may  be  emploj'ed  in  these  methods,  and  we  may 
soon  have  better  results. 

A  great  advance  has  been  made  in  cataloguing  the  fainter  stars. 
This  work  was  begun  by  the  French  astronomers  nearly  a  century 
ago,  and  was  continued  by  Bessel,  Argelander,  and  others.  An 
important  step  towards  the  completion  of  this  work  was  taken  by 
Argelander  and  his  assistants  in  their  great  catalogue  of  the  ap- 
proximate positions  of  324,198  stars,  which  was  finished  in  18G1. 
This  census  of  the  stars  will  soon  be  extended,  we  hope,  over  the 
whole  heavens  ;  and  it  already  forms  the  groundwork  for  the  great 
zone  observations  of  stars  now  going  on  in  Europe  and  in  this 
country,  and  which  must  be  nearl}-  finished.  These  observations 
will  doubtless  reveal  many  interesting  cases  of  the  proper  motion  of 
the  stars,  and  will  certainlj-  form  the  basis  for  a  knowledge  of  the 
motion  of  our  solar  system  in  space,  and  for  sidereal  astronomy  gen- 
erally, such  as  we  have  never  had  before.  Our  American  observa- 
tories can  render  a  good  senice  by  observing  stars  of  southern 
declination,  since  our  observatories  are  ten  or  twelve  degrees 
farther  south  than  those  of  Europe,  and  thus  have  an  advantage  of 
position  which  ought  to  be  made  use  of;  and  which  ma^'  serve  to 
unite  into  a  harmonious  svstem  the  observations  made  in  the  northern 
and  southern  hemispheres.  The  work  of  mapping  the  very  faint 
stars  near  the  ecliptic  has  also  been  greatly  extended,  and  it  is  to 
this  extension  that  we  owe  the  rapid  increase  in  the  number  of  the 
small  planets  between  Mars  and  Jupiter.  But  besides  aiding  in 
the  discoverv  of  the  asteroids,  accurate  charts  of  the  sninll  stars 
have  a  permanent  value  in  giving  us  a  knowledge  of  the  heavens  at 
their  epoch,  and  also  some  idea  of  the  distribution  of  the  stars  in 
space. 

It  is  an  interesting  question  whether,  among  the  thousands  of 
nebulae  that  are  scattered  over  the  heavens,  any  of  them  show 
changes  of  form  or  of  brightness.  These  objects  seem  to  be  at 
least  as  distant  as  the  stars,  and  as  they  have  sometimes  an  area 
of  several  degrees,  the}'  must  be  bodies  of  an  enormous  extent. 
Tbat  changes  are  going  on  in  these  bodies  seems  probable,  but 
to  be  visible  at  such  distances  the  changes  must  be  ver}'  great. 
In  this  case  there  is  need  of  much  caution  in  the  discussion  of  the 
drawings   made  at  different  epochs,  and  by  different  astronomers 
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with  telescopes  of  different  power ;  since  the  nebulse  change  their 
appearance  with  the  telescope  used,  with  different  conditions  of  the 
air,  and  with  a  variation  of  their  altitude  above  the  horizon.  Here 
the  excellent  photometers  that  have  been  recently  invented,  and 
which  are  being  so  well  applied  to  the  determination  of  the  bright- 
ness of  the  stars,  may  give  us  assistance.  Perhaps  also  new  draw- 
ings of  the  nebulae,  and  their  criticism  and  discussion,  and  a  fhll 
recognition  of  the  difficulties  of  making  such  drawings,  will  soon 
lead  to  a  decision  of  the  question  of  their  change  of  form.  Since 
the  stud}'  of  the  light  of  the  stars  with  new  and  improved  photom- 
eters has  now  become  a  specialty',  we  may  look  for  more  exact  and 
continued  observations  of  the  variable  stars.  This  is  a  matter  of 
which  we  know  but  little,  and  it  is  one  where  a  persevering  observer 
may  do  good  service.  Although  he  ma}-  not  find  any  immediate  en- 
couragement in  the  discover}'  of  remarkable  relations  among  these 
stars,  or  the  probable  cause  of  their  variability,  he  will  be  collecting 
observations  that  must  form  the  test  of  every  theory.  As  examples 
of  the  result  of  intelligent  and  persevering  observation,  we  have  the 
case  of  the  sun  spots,  which  led  directly  to  the  discovery  of  their 
period,  and  its  singular  variabilit}' ;  and  that  of  the  shooting  stars, 
which  has  shown  us  a  ver}'  curious  relation  between  these  meteors 
and  the  comets,  and  one  which  ma}'  open  to  us  the  most  extensive 
views  of  the  relations  between  our  own  solar  system  and  other  sys- 
tems in  space. 

The  present  condition  of  astronomy,  with  its  vast  and  rapidly  in- 
creasing store  of  accurate  observations,  offers  many  interesting  sub- 
jects to  the  theoretical  astronomer.  The  observations  of  the  stars 
are  now  so  numerous,  and  have  been  so  fully  reduced  and  criticised, 
and  the  time  during  which  the  observations  have  been  made  is  »o 
extended,  that  we  shall  soon  have  excellent  data  for  a  new  and  very 
exact  doterraination  of  the  constant  of  precession.  The  orbits  of 
the  planets  and  the  moon,  and  their  masses,  are  now  so  well  known 
that  little  uncertainty  can  arise  from  this  source  ;  and  by  taking  into 
the  caicuhition  a  great  number  of  stars  in  different  parts  of  the 
heavens,  we  may  be  able  to  determine  the  motion  of  the  solar  system 
in  space,  as  well  as  the  constant  of  precession.  The  constant  of 
aberration  also  needs  a  new  determination,  and  since  this  constant 
is  so  closely  coimected  with  the  theory  of  light  and  its  velocity,  and 
the  methods  of  its  determination  are  still  under  discussion,  it  would 
be  well  if  several  astronomers  could  determine  this  constant  indc- 
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peudently.  The  value  we  now  use  was  found  by  W.  Stnive  from 
prime-Yertical  observations,  and  is  apparentiy  very  accurate ;  but 
no  astronomical  constant  should  depend  on  the  work  of  a  single 
astronomer  with  a  single  instrument,  when  it  can  be  determined  so 
easily  and  by  other  methods.  The  old  method  of  finding  the  value 
of  this  constant  from  the  eclipses  of  Jupiter's  satellites  may  yet 
give  us  a  trustworthy  value.  The  value  of  the  other  constant  ne- 
cessary for  the  reduction  of  observations,  that  of  nutation,  must  be 
nearly  that  found  by  Peters  in  his  well-known  investigation  of  this 
question.  This  value  may  be  verified  by  a  new  series  of  observa- 
tions of  Polaris,  or  of  the  declinations  of  stars  situated  so  that  this 
constant  has  its  full  influence  on  the  reductions. 

There  are  many  subjects  in  astronomy  that  need  investigation, 
but  in  most  cases  the  labor  required  is  very  great,  and  the  comple- 
tion of  the  work  would  occupy  a  long  time.  This  follows  of  course 
from  the  fact  that,  with  the  refinement  of  obser\'ations  and  their 
exact  reduction,  many  small  terms  must  be  considered  which  for- 
merly could  be  neglected.  The  lunar  theory  has  been  a  vexed 
question  for  the  last  two  centuries,  and  may  remain  so  for  a  long 
time  to  come.  This  will  no  doubt  be  the  case  until  some  able  as- 
tronomer, with  the  will  and  pei-severance  of  Delaunay,  shall  under- 
take its  complete  revision.  This  question  should  now  be  looked  on 
as  a  purel}'  scientific  one,  and  its  definite  solution  should  be  under- 
taken. The  theory  should  not  be  patched  up  by  guesswork  to  fit 
the  observations,  but  should  be  carried  out  with  the  utmost  rigor. 
This  is  a  problem  to  which  a  young  and  able  mathematician  may 
well  devote  his  life,  and  we  must  expect  its  solution  from  some 
such  clear-headed  devotee  of  science.  Several  of  the  planetary 
theories  need  a  new  investigation,  and  some  of  them  are  already  in 
the  hands  of  able  astronomers.  That  of  Mercury  is  especially  in- 
teresting in  connection  with  the  inti*a-Mercurial  planets,  and  it  is  to 
be  hoped  that  Leverrier's  theory  of  this  planet  may  soon  have  a 
careful  revision. 

Again,  among  the  secondar}-  systems,  the  satellites  of  Jupiter  and 
Saturn  oflTer  many  interesting  questions  to  the  astronomer.  At 
present  the  satellites  of  Jupiter  demand  a  more  complete  theory,  and 
new  tables  of  their  motions.  Corrected  elements  of  these  satellites 
may  be  required  for  reducing  observations  of  their  eclipses,  and  for 
deriving  a  new  value  of  the  constant  of  aberration.  These  satellites 
ibrm  a  peculiar  and  interesting  system,  and  their  theory  is  so  com- 
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plicated  that  the  labor  of  correcting  their  elements  and  forming  new 
tables  would  be  great,  but  still  within  the  power  of  a  persevering 
astronomer.  The  recent  discovery  of  the  connection  of  comets  with 
streams  of  meteors  has  given  additional  interest  to  cometary  astron- 
omy, and  there  is  plentj'  of  hard  work  to  be  done  in  reducing  observa- 
tions, in  computing  perturbations,  and  in  deducing  the  best  orbits  of 
the  comets.  The  periodical  comets  have  another  interest,  since  they 
may  give  us  information  concerning  the  matter  filling  space.  It  seems 
to  be  probable  from  different  reasons,  such  as  the  consideration  of  the 
light  of  the  stars,  that  there  must  be  matter  spread  throughout  the 
celestial  spaces ;  but  the  only  heavenly  body  that  has  directly  given 
us  information  on  this  subject  is  Encke's  comet,  which  has  a  period 
of  3^  years.  For  a  long  time  the  motion  of  this  comet  was  very  oom- 
pletel}'  computed  by  Encke,  whose  calculations  show  verj'  strong 
proof  of  a  resisting  medium.  These  calculations  were  continued  by 
Von  Asten,  whose  early  death  prevented  him  from  finishing  his  work, 
and  the  theory  of  this  comet  is  left  in  an  unsatisfactory  condition.  It 
is  very  desirable  that  the  motion  of  this  comet  should  be  completely 
investigated,  and  although  the  method  of  the  special  perturbations 
of  the  elements  followed  by  Encke  is  probably  the  best  that  can  be 
used,  still  in  such  a  case  it  would  be  well  to  apply  various  methods. 
Here  again,  on  account  of  the  frequent  returns  of  the  comet,  the 
labor  of  computation  is  verj*  gi*eat,  and  probably  would  be  enough 
fullj'  to  occup3'  the  time  of  one  astronomer.  The  interesting  ques- 
tions connected  with  the  motion  of  this  comet  ought  to  induce  some 
one  to  undertake  this  laborious  work,  and  these  questions  are  so 
important  that  two  or  three  astronomers  might  well  be  emploj'ed  on 
its  theorj'. 

The  methods  of  astronomj*  have  now  become  so  well  established, 
that  the  future  advancement  of  the  science  is  assured,  especially 
since  long  inter^'als  of  time  give  an  increased  value  to  obsei^vations. 
Yet  we  ma}'  hope  for  improvement  in  instruments,  for  the  introduc- 
tion of  new  methods  of  observing,  for  better  trained  and  more  efi9cient 
astronomers  ;  and  perhaps  also  the  rapid  advancement  of  the  ph3'8i- 
cal  sciences  maj'  furnish  us  with  new  and  more  powerful  methods  of 
investigation.  There  is  an  intimate  relation  between  the  instru- 
ment-maker and  the  astronomer,  and  they  should  understand  each 
other  better  than  is  generally  the  case.  It  may  seem  a  small  matter 
that  the  divisions  of  a  circle,  or  of  a  scale,  should  not  be  too  finely  or 
too  coarsely  cut ;  that  the  reading  scale  should  not  be  placed  in  an 
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loonTenient  position,  and  that  the  illumination  of  the  instrument 
Mwld  be  carefully  studied,  and  brought  under  the  control  of  the 
Btronomer ;  but  these  are  really  essential  points,  and,  if  not  rightly 
rranged,  are  certain  to  wear}-  the  observer  and  to  impair  the  quality 
f  his  work.  Such  mistakes  will  not  be  remedied  until  the  makers 
etter  understand  the  uses  of  an  astronomical  instrument,  and  have 
orrect  ideas  of  the  ends  to  be  attained.  Since  our  American  op- 
tcians  have  placed  themselves  at  the  head  of  their  craft,  we  may 
ope  that  our  instrument-makers  will  do  likewise,  and  that  they  will 
ooa  be  able  to  furnish  us  with  the  best  instruments  of  precision. 
There  is  one  point  to  which  astronomers  should  give  more  atten- 
bn,  and  from  which  we  may  reasonabl}'  hope  that  great  advantages 
0  astronom}'  may  come ;  and  that  is  to  the  selection  of  sites  for 
tew  observatories.  It  is  possible,  perhaps  probable,  that  our  in- 
traments  may  be  greatly  enlarged  and  improved,  and  that  impor- 
int  discoveries  and  improvements  in  the  mauufactiu^  of  optical 
lass  may  be  made ;  but  it  seems  certain  that  we  have  within  easy 
isch  very  decided  advantages  for  astronomical  work  by  the  choice 
r  better  positions  for  our  instruments.  Very  few  American  obser- 
itories  have  been  established  for  the  purpose  of  doing  scientific 
ork,  or  with  much  thought  or  care  for  their  future  condition  ;  but 
^nerally  they  are  built  in  connection  with  some  college  or  academy, 
id  are  the  product  of  local  and  temix>rary  enthusiasm,  which  builds 
a  observatory',  equips  it  with  instruments,  and  then  leaves  it  help- 
!88.  The  atmosphere  that  surrounds  us,  and  its  sudden  changes  of 
imperature,  are  the  great  obstacles  to  the  good  performance  of  a 
ilesoope ;  and  the  larger  the  instrument,  and  the  higher  the  mag- 
iQfing  power,  the  more  serious  are  these  hindrances.  Now,  with 
or  present  means  of  travel,  we  can  easily  place  our  instruments  at 
Q  altitude  of  eight  or  ten  thousand  feet,  and  above  a  large  part  of 
be  atmosphere.  In  this  way  we  may  be  able  to  do  with  small  in- 
tnunents  what  at  common  altitudes  can  be  done  only  with  large 
*iies ;  and  when  possible  it  is  always  better  to  use  small  instruments, 
inoe  they  are  more  easily  handled,  and  are  relatively  stronger  and 
wtter  than  large  ones.  Uniformit}'  of  temperature  may  be  secured 
>J  seeking  locations  in  the  tropical  islands,  or  on  coasts  like  that 
i  CaliforDia,  where  the  ocean  winds  keep  the  temperature  nearh' 
QifSum  throughout  the  year.  At  great  altitudes  we  may  secure  a 
ieamess  of  vision  that  would  be  of  the  greatest  value  in  the  exam- 
natioD  of  faint  objects,  and  by  this  means,  and  by  persevering  and 
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continuous  observation,  interesting  discoveries  may  be  made.  It 
is  a  matter  of  course  that,  except  in  the  case  of  comets,  the 
future  discoveries  in  astronomy  will  belong  to  faint  and  delicate 
objects ;  but  these  are  interesting,  and  should  not  be  neglected.  A 
uniform  temperature,  which  secures  good  definition,  and  steady 
images  of  the  stars,  is  necessary  for  accurate  determinations  of  po- 
sition, and  for  all  measurements  of  precision.  This  condition  is 
especially  important  in  such  work  as  that  of  stellar  parallax,  the 
determination  of  the  constant  of  aberration,  and  wherever  the  yearly 
change  of  temperature  may  act  injuriously.  In  the  selection  of 
better  sites  for  observatories,  I  think  we  have  an  easy  means  of 
advancing  astronom3\ 

As  this  science  grows  and  expands,  it  will  become  more  and  more 
necessary  to  study  the  economy  of  its  work,  in  order  that  astrono- 
mers may  bestow  their  labors  in  the  most  advantageous  methods, 
and  may  rid  themselves  of  all  cumbersome  and  time-consuming 
processes.  The  manner  of  publishing  observations  has  already 
been  much  abbreviated,  and  improved  I  think,  by  some  of  the 
European  astronomers,  and  this  change  seems  destined  to  become 
universal.  As  the  positions  of  many  objects  are  now  well  known, 
the  need  of  printing  all  the  details  of  the  observation,  such  as  the 
transits  of  the  wires,  the  readings  of  the  micrometers,  etc.,  is  very 
slight;  and  this  printing  may  be  safely  abandoned.  Even  this 
change  will  lead  to  a  great  saving  in  the  time  and  cost  of  printing. 
But  this  will  necessitate  a  more  complete  discussion  of  the  work, 
and  a  more  careful  examination  of  the  instruments ;  things  to  he 
desired,  since  they  tend  to  lift  the  observer  out  of  his  routine,  and 
make  him  a  master  of  his  business.  There  are  objections  to  this 
change,  and  some  of  them  are  real,  such  as  the  importance  of  pub- 
lishing a  complete  record  ;  but  this  is  overestimated,  I  think,  since 
the  original  records  ought  always  to  be  referred  to  in  case  of  doubt ; 
and  other  objections  are  factitious,  such  as  the  need  of  publishing 
a  large  and  show}'  book  in  order  to  impose  on  the  public. 

We  may  hope  also  for  improvements  in  theoretical  astronomy, 
and  for  the  better  training  and  preparation  of  students  of  this 
science.  I  know  that  it  is  sometimes  said  that  theoretical  astron- 
om}'  is  finished,  and  that  nothing  more  can  be  done.  Such  asser- 
tions come  from  professors  who  are  old  and  weary,  or  from  those 
5'oung  men  who  tire  out  early  in  life ;  but  they  are  wrong.  The 
improvements  that  Hansen  has  made  in  the  theory  of  perturbations, 
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and  Foinsotfs  study  of  the  theor}-  of  rotation,  show  what  careful 
inyestigation  may  do,  and  assure  us  of  further  progress.     It  must 
be  confessed  that  some  of  the  astronomical  work  done  in  our  coun- 
try bears  evidence  that  the  astronomers  did  not  understand  the  cor- 
rect methods  of  reduction,  and  much  of  it  shows  evidence  of  hasty 
and  ill-considered  plans.     This  is  perhaps  a  natural  condition  for 
beginners,  but  we  trust  that  it  has  been  outgrown.     An  actual  need 
for  the  astronomical  students  of  our  countr}'  is  a  good  book  on 
theoretical  astronomy,  similar  to  Pontecoulant's  work,  in  which  the 
whole  subject  shall  be  presented  in  a  complete  form,  such  as  we  find 
in  the  Mecanique  Celeste^  together  with  an  account  of  the  improve- 
ments made  by  Gauss,  Poisson,  Hansen,  and  others.     There  is  no 
American  book  of  this  kind,  and  the  English  works  are  too  partial, 
designed  apparentl}*  to  fit  the  student  for  college  examinations,  and 
not  to  give  him  a  complete  knowledge  of  the  science.     Such  a  book 
has  hardl}'  been  attempted  in  our  language,  unless  that  of  Woodhouse 
ina^'  be  an  exception,  and  it  maj'  be  a  long  time  in  coming,  since  it 
requires  a  man  qualified  to  do  the  work,  and  will  involve  an  expense 
of  labor  in  the  preparation,  and  of  cost  in  pubhshing,  such  as  few 
are  willing  to  incur.    In  the  mean  time  it  is  far  better  for  the  student 
to  go  directl}'  to  the  writings  of  Lagrange  and  Laplace,  of  Gauss 
and  Poisson  and  other  mastei*s.  rather  than  to  spend  time  in  reading 
second-rate  authors  who  endeavor  to  explain  them.     And  generally 
this  will  be  found  the  easier  wav  also,  since  the  student  avoids  the 
confused  notions  and  symbols,  and  the  grotesque  expressions  and 
egotism  of  small  men,  and  is  lifted  into  the  region  of  ideas  and 
invention. 

In  presenting  his  exposition  of  the  nebular  hypothesis,  which  has 
since  become  so  celebrated,  Laplace  says  :  "I  present  this  hypoth- 
esis with  the  distrust  which  ever3'thing  ought  to  inspire  that  is  not 
a  result  of  observation  or  of  calculation."  It  is  a  singular  fact  that, 
among  all  the  writings  on  the  nebular  hypothesis,  I  have  never  seen 
a  reference  to  this  presentation  of  it  b}*  its  most  distinguished  ad- 
vocate ;  and  yet  this  is  the  true  spirit  of  scientific  astronomy.  La- 
place did  not  wish  to  exempt  his  own  theories  from  criticism,  and 
neither  should  any  one.  In  astronom}*  there  is  no  final  human  au- 
thorit}*,  no  synod  or  council,  but  simply  an  appeal  to  reason  and 
observation.  If  a  theory  or  a  discovery  be  true,  it  will  stand  the 
test  of  observation  and  of  calculation  ;  if  false,  it  must  pass  away 
to  that  Miltonian  limbo  where  so  many  things  have  gone  and  are 
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going.  The  question  is  sometimes  asked,  Of  what  use  is  astron- 
omy ?  and  the  repl}'  generally  made  is  that  it  has  conferred  great 
benefits  on  navigation  and  on  commerce,  since  it  is  by  means  of  his 
asti'onomical  knowledge  that  the  sailor  determines  the  position  of 
his  ship  on  the  ocean.  There  is  a  truth  in  this  replj',  but  it  is  only 
partial.  The  great  value  of  astronomy  is  that  it  is  really  a  science, 
and  that  it  has  broken  the  path  and  led  the  wa}'  through  which  all 
branches  of  science  must  pass  if  they  ever  become  scientific.  It  is 
the  spirit  of  iionest,  unrelenting  criticism,  and  of  impartial  examina- 
tion, that  finally  eliminates  eiTor  and  awards  to  every  one  his  just 
due,  that  makes  astronomy  honorable  and  attractive  ;  and  it  is  by 
cultivating  this  spirit  that  astronomy  confers  its  chief  benefit,  for  it 
is  this  that  shall  break  in  pieces  and  destroy  all  false  assumptions 
in  science  and  in  philosophy. 
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Ojs  tor   Production  and   Reproduction  op  Sound   by  Light. 
By  Alexander  Graham  Bell,  of  Washington,  D.  C. 

In  bringing  before  you  some  discoveries  made  by  Mr.  Sumner 
Tainter  and  myself,  which  have  resulted  in  the  construction  of 
apparatus  for  the  production  and  reproduction  of  sound  by  means 
of  light,  it  is  necessary  to  explain  the  state  of  knowledge  which 
formed  the  starting  point  of  our  experiments. 

I  shall  first  describe  that  remarkable  substance  "selenium,'*  and 
the  manipulations  devised  by  previous  experimenters ;  but  the 
final  result  of  our  researches  has  widened  the  class  of  substances 
sensitive  to  light  vibrations,  until  we  can  propound  the  fact  of 
Buch  sensitiveness  being  a  general  property  of  all  matter. 

We  have  found  this  property  in  gold,  silver,  platinum,  iron, 
Btcel,  brass,  copper,  zinc,  lead,  antimony,  gcnnan-silver,  Jenkin's 
metal.  Babbitt's  metal,  ivory,  celluloid,  gutta-percha,  hard  rubber, 
soft  vulcanized  rubber,  paper,  parchment,  wood,  mica,  and  silvered 
glass ;  and  the  only  substances  from  wiiich  we  have  not  obtained 
results  are  carbon  and  thin  microscope  glass. ^ 

We  find  that  when  a  vibrator}'  beam  of  light  falls  upon  these 
substances  they  emit  sounds^  the  pitch  of  wiiieh  depends  upon  the 
frequency  of  the  vibratoiy  change  in  the  light.  We  find  further, 
that  when  we  control  the  form  or  character  of  the  light-vibrations 
on  selenium  (and  probably  on  the  other  substances),  we  control 
the  quality  of  the  sound,  and  obtain  all  varieties  of  articulate 
sixicch.  We  can  thus,  without  a  conducting  wire  as  in  electri« 
telephony,  si)eak  from  station  to  station  wherever  we  can  project 
abeam  of  light.     We  have  not  had  the  opportunity  of  testing  the 

>  Later  experiments  have  shown  that  these  nrc  not  exceptions. 
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limit  to  which  this  photophonic  efTect  may  bo  extended,  but  we 
hav«  spoken  to  and  from  points  213  metres  apart;  and  there 
seems  no  reason  to  douot  that  the  results  will  be  obtained  at 
wliatevor  distance  a  beam  of  light  can  be  flashed  from  one  ob- 
servatory to  another.  The  necessary  privacy  of  our  experiments 
hitherto  has  alone  prevented  any  attempts  at  determining  the 
extreme  distance  at  which  this  new  method  of  vocal  communica- 
tion will  be  available. 

I  shall  now  speak  of  selenium. 

Selenium. —  In  the  year  1817,  Berzelius  and  Gottlieb  Gahn 
made  an  examination  of  the  method  of  preparing  sulphuric  acid 
in  use  at  Gripsholm.  During  the  course  of  this  examination  they 
observed  in  the  acid  a  sediment  of  a  partly  reddish,  partly  clear 
brown  color,  which,  under  the  action  of  the  blowpipe,  gave  out  a 
peculiar  odor,  like  that  attributed  by  Klaproth  to  tellurium. 

As  tellurium  was  a  substance  of  extreme  rarity,  Berzelius  at- 
tempted its  production  from  this  deposit,  but  he  was  unable  after 
many  experiments  to  obtain  further  indications  of  its  presence. 
He  found  plentiful  signs  of  sulphur  mixed  with  mercury,  copper, 
tin,  zinc,  iron,  arsenic  and  lead,  but  no  trace  of  tellurium. 

It  was  not  in  the  nature  of  Berzelius  to  be  disheartened  by 
this  result.  la  science  every  failure  advances  the  boundary  of 
knowledge  as  well  as  every  success ;  and  Berzelius  felt  that  if  the 
characteristic  odor,  that  had  been  observed,  did  not  proceed  from 
tellurium,  it  might  possibly  indicate  the  presence  of  some  sub- 
stance then  unknown  to  the  chemist.  Urged  on  by  this  hoi>e  he 
returned  with  renewed  ardor  to  his  work. 

He  collected  a  great  quantity  of  the  material  and  submitted  the 
whole  mass  to  various  chemical  processes.  lie  succeeded  in 
separating  successively  the  sulphur,  the  mercury,  the  copper,  the 
tin,  and  the  other  known  substances,  whose  presence  had  been 
indicated  by  his  tests  ;  and  after  all  these  had  been  eliminatetl, 
there  still  remained  a  residue,  which  proved  upon  examination  to 
be  what  he  had  been  in  search  of — a  new  elementary  suhstavce. 

The  chemical  properties  of  this  new  element  were  found  to 
resemble  those  of  tellurium  in  such  a  remarkable  degree  that 
Berzelius  gave  to  the  substance  the  name  of  ''selenium,"  from  the 
Greek  word  <T^/r;>7j,  the  moon  (*' tellurium,"  as  is  well  known, 
being  derived  from  tellus,  the  earth).  Although  tellurium  and 
selenium  are  alike  in  many  respects,  they  differ  in  their  electrical 
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properties ;  tellurium  being  a  good  conductor  of  electricity,  and 
selenium,  as  Berzclius  showed,  a  non-conductor. 

Knox*  discovered  in  1837,  that  selenium  became  a  conductor 
when  fused ;  and  Ilittorfr,^  iu  1851,  showed  that  it  conducted  at 
ordinary  temperatures  when  in  one  of  its  allotropic  forms. 

When  selenium  is  rapidly  cooled  from  a  fused  condition  it  is 
a  non-conductor.  In  this,  its  "vitreous"  form,  it  is  of  a  dark 
brown  color,  almost  black  by  reflected  light,  having  an  exceedingly 
brilliant  surface.  In  thin  films  it  is  transparent,  and  appears  of  a 
beautiful  rub}''  red  by  transmitted  light. 

When  selenium  is  cooled  from  a  fused  condition  with  extreme 
thumesSy  it  presents  an  entirely  different  appearance,  being  of  a 
dall  lead  color,  and  having  throughout  a  granular  or  crystalline 
structure  and  looking  like  a  metal.  In  this  form  it  is  opaque  to 
light  even  in  very  thin  films.  This  variety  of  selenium  has  long 
been  known  as  "granular"  or  "crystalline"  selenium;  or,  as 
Begnanlt  called  it,  "metallic"  selenium.  It  was  selenium  of  this 
kind  that  Hittorff  found  to  be  a  conductor  of  electricity  at  ordinary 
temperatures. 

He  also  found  that  its  resistance  to  the  passage  of  an  electrical 
current  diminished  continuously  by  heating  up  to  the  point  of 
fusion ;  and  that  the  resistance  suddenly  increased  iu  passing 
from  the  solid  to  the  liquid  condition."* 

It  was  early  discovered  that  exposure  to  sunlight^  hastens  the 
change  of  selenium  from  one  allotropic  form  to  another ;  and  this 
observation  is  significant  in  the  light  of  recent  discoveries. 

Although  selenium  has  been  known  for  the  last  sixty  years,  it 
Has  not  yet  been  utilized  to  any  extent  in  the  arts,  and  it  is  still 
considered  simply  as  a  chemical  curiosity.  It  is  usually  supplied 
in  the  form  of  cylindrical  bars.  These  bars  are  sometimes  found 
to  be  in  the  metallic  condition,  but  more  usually  they  are  in  the 
vitreous  or  non-conducting  form. 

It  occurred  to  Willoughby  Smith  that  on  account  of  the  high 
resistance  of  crystalline  selenium,  it  might  be  usefully  emplo3cd 
at  the  shore-end  of  a  submarine  cable,  in  his  system  of  testing 

*Truis.  B07.  Irish  Acad.  (1830),  Vol.  XIX,  p.  147;  also  Phil.  Mag.  (3(1  ser.),  Vol.  XVI, 
M85. 

'Pog:g.  Ann.,  LXXXIV,  214;  also  Phil.  Mag.  (4th  Bcr.),  Vol.  III.  p.  546. 

•See  Draper  and  Moss  in  Proc.  Roy.  Irish  Acad.,  Nov.,  1873  (2nd  ser.).  Vol.  I,  p.  529. , 

*Gmelin'fl  Handbook  of  Chemiirtiy  (IdiO),  Vol.  I[,  p.  235;  see  also  Hittoril  in  the 
HiiL  Mag.  for  1853  (4th  scr.),  Vol.  Ill,  p.  547. 
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and  signaling  during  the  process  of  submersion.  Upon  experi- 
ment, the  selenium  was  found  to  have  all  the  resistance  required; 
some  of  the  bars  emplo3'ed,  measuring  as  much  as  1400  megohms 
—  a  resistance  equivalent  to  that  which  would  be  offered  by  a 
telegraph  wire  long  enough  to  reach  from  the  earth  to  the  son ! 
But  the  resistance  was  found  to  be  extremely  variable.  Efforts 
were  made  to  ascertain  the  cause  of  this  variability,  and  it  was 
discovered  that  the  resistance  was  less  when  the  selenium  trcw  ex- 
posed to  light  than  when  it  was  in  the  dark  I 

This  observation  first  made  by  Mr.  May^  (Mr.  Willoughby 
Smith's  assistant,  stationed  at  Valentia)  was  soon  verified 
by  a  careful  series  of  experiments,  the  result  of  which  was 
communicated  by  Mr.  Willoughby  Smith  "^  to  the  Society  of 
Telegraph  Engineers,  on  the  17th  of  February,  1873.  Plati- 
num wires  were  inserted  into  each  end  of  a  bar  of  crystalline 
selenium,  which  was  then  hermetically  sealed  in  a  glass  tube, 
through  the  ends  of  which  the  platinum  wires  projected  for 
the  purpose  of  connection.  One  of  these  bars  was  placed  in 
a  box,  the  lid  of  which  was  closed  so  as  to  shade  the  selenium, 
and  the  resistance  of  the  substance  was  measured. 

Upon  opening  the  lid  of  the  box,  the  resistance  instantane- 
ously diminished.  When  the  light  of  an  ordinary  gas  burner 
(which  was  placed  at  a  distance  of  several  feet  from  the  bar)  was 
intercepted  by  shading  the  selenium  with  the  hand,  the  resistance 
again  increased  ;  and  upon  passing  the  light  through  rock  salt, 
and  through  glasses  of  various  colors,  the  resistance  was  found  to 
vary  according  to  the  amount  of  light  transmitted.  In  order  to 
be  certain  that  temperature  had  nothing  to  do  with  the  effect,  the 
selenium  was  placed  in  a  vessel  of  water  so  that  the  light  had  to 
pass  through  a  considerable  depth  of  water  in  order  to  reach  the 
selenium.  The  effects,  however,  were  the  same  as  before.  When 
a  strong  light  from  the  ignition  of  a  narrow  band  of  magnesium 
was  held  about  nine  inches  above  the  water,  the  resistance  of  the 
selenium  immediately  fell  more  than  two-thirds,  returning  to  the 
normal  condition  upon  the  removal  of  the  light. 

The  announcement  of  these  results  naturally'  created  an  intense 
interest   among  scientific  men,   and  letters  of  enquiry  regarding 

•  See  Icctnre  by  Siemens,  in  Troc.  Roy.  Inet.  of  Grent  Britain,  Vol.  VIII,  p.  C8. 
'Jour,  of  Soc.  of  Teleg.  Eugin.,  Vol.  II,  p.  31  (1873);  Nature,  Vol.  VII,  p.  808;  Amer. 
Jour,  of  Science  and  Arts  (3(1  ser.),  Vol.  V,  p.  301. 
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the  details  of  the  experiment  soon  appeared  in  the  columns  of 
Nature,  ftt>m  Harry  Napier  Draper  ®  and  Lieut.  M.  L.  Sale,^  which 
were  answered  in  the  next  number  by  Willoughby  Smith. ^® 

Sale  and  Draper  were  soon  able  to  corroborate  the  statements 
that  had  been  made  by  Willoughby  Smith. 

Sale^^  presented  his  researches  to  the  Royal  Society  on  the  8th 
of  May,  1873,  and  in  the  following  November,  Draper  ^^  presented 
his  results  to  the  Royal  Irish  Academy  in  the  shape  of  a  joint 
paper  by  himself  and  Richard  J.  Moss. 

Draper  and  Moss  gave  in  their  paper  an  admirable  summary  of 
the  condition  of  our  knowledge  regarding  selenium  at  that  time. 
They  confirmed  HittorflTs  observation  that  the  temperature  of  mini- 
mum resistance  of  granular  selenium  was  somewhere  about  210°  C, 
and  that  at  217°  C.  (the  fusing  point),  the  resistance  suddenly  in- 
creased. They  carried  the  temperature  to  a  still  higher  point  than 
Hittorff  had  done,  and  found  that  the  resistance  again  diminished, 
reaching  a  second  minimum  at  250°  C. 

During  the  course  of  their  experiments  they  produced  a  variety 
of  granular  selenium  not  different  in  appearance  from  other  speci- 
mens but  having  different  electncal  properties.  In  this  form  the 
resistance  became  greater  instead  of  less  when  the  temperature 
was  raised. 

They  also  used  thin  plates  of  selenium  instead  of  the  cylindri- 
cal bars  formerly  employed,  and  found  great  advantage  from  the 
increased  sensitiveness  of  the  former  to  light. 

Sale  found  upon  exposing  selenium  to  the  action  of  the  solar 
spectrum  that  the  maximum  effect  was  produced  just  at  or  outside 
the  extreme  edge  of  the  red  end  of  the  spectrum  at  a  point  nearl}^ 
coincident  with  the  maximum  of  the  heat  rays,  thus  rendering  it 
uncertain  whether  the  effect  was  due  to  light  or  to  radiant  heat. 
In  the  winter  of  1873-4  the  Earl  of  Rosse  ^^  attempted  to  de- 


•  Xatare, Vol.  VII, p. 840, Mch. 0, 1873.    •Ibid.    " Nature,  Vol.  VII,  p. 3C1 . Mcli.  13, 1873. 

"  Proc.  Koy.  Soc.,  Vol.  XXI,  p.  283;  soo  also  Pogg.  Ann.,  Vol.  CL,  p.  333;  Phil.  Mag. 
(4Ui  ier.).  Vol.  XLVII,  p.  210;  Nature,  Vol.  VIII,  p.  134. 

'*  Proc  Roy.  Irish  Acad.  (2nd  8cr.),  Nov.  10,  1873,  Vol.  I,  p.  529;  see  alsoacommu- 
Dieatioii  ttom  Richard  J.  Moss  to  Nature,  Aug.  12,  1875,  Vol.  XII,  p.  291;  being  an 
Answer  to  a  letter  fVora  J.  E.  il.  Gordon,  upon  the  *^\nomdlous  behavior  oi  Selenium," 
pQblUbed  in  that  Journal  on  the  8th  of  July,  1875;  see  Vol.  XII,  p.  187. 

"Phil.  Ma^.  (4th  acr.),  March,  1874,  Vol.  XLVII,  p.  ICl;  see,  also,  Am.  Joura.  of  Sci. 
•nd  ArU  (3rd  aer.).  Vol.  VII,  p.  512. 
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cide  this  question  by  comparing  the  selenium  effects  with  the 
indications  of  the  thermopile.  He  exposed  selenium  to  the  action 
of  non-luminous  radiations  from  hot  bodies,  but  could  produce  no 
effect ;  wliereas,  a  thermopile  under  similar  conditions  gave  abun- 
dant indications  of  a  current. 

--  He  also  cut  off  the  heat  rays  of  low  refrangibility  from  luminous 
bodies  by  the  interposition  of  glass  and  alum  between  the  selenium 
and  the  source  of  light  without  materially  affecting  the  result ;  but 
when  the  thermopile  was  employed  the  greater  portion  of  the  heat- 
effect  was  cut  off. 

Later,  Prof.  W.  G.  Adams, ^^  of  Kings  College,  took  up  the 
question,  and  his  experiments  seemed  to  prove  conclusively  that 
the  action  was  due  principally,  if  not  entirely,  to  those  rays  of  the 
spectrum  which  were  luminous,  and  that  the  ultra  red  or  the  ultra- 
violet rays  had  little  or  no  effect. 

This  conclusion  was  supported  by  the  marked  effect  produced 
by  the  light  of  the  moon,  and  by  the  apparent  insensitiveness  of 
selenium  to  rays  passed  through  a  solution  of  iodine  in  bisulphide 
of  carbon.  He  found  that  the  maximum  effect  was  produced  by 
the  greenish-yellow  rays,  and  showed  ihixt  the  intensity  of  the  action 
depended  upon  the  illuminating  power  of  the  lights  being  directly  as 
the  square  root  of  that  illuminating  power. 

Professor  Adams  and  Mr.  R.  E.  Day^^  continued  these  re- 
searches ;  and,  among  other  interesting  and  suggestive  results,  dis- 
covered that  light  produces  in  selenium  an  electromotive  force 
without  the  aid  of  a  battery. 

The  most  sensitive  variety  of  selenium  that  has  yet  been  pro- 
duced was  obtained  in  German}-,  by  Dr.  Werner  Siemens,  by 
continued  heating  for  some  hours  at  a  temperature  of  210'*  C, 
followed  by  extremely  slow  cooling. 

Dr.  C.  W.  Siemens,^^  in  a  lecture  delivered  before  the  Royal 
Institution  of  Great  Britain,  on  the  18th  of  February,  1876,  stated 
that  his  brother's  modification  of  selenium  was   so  sensitive  to 


"  rroc.  Roy.  Soc,  June  17, 1875,  Vol.  XXIII,  p.  636;  sco,  nlso,  Proc.  Roy.  See.,  Jan. 
0.1870.  Vol.  XXIV,  p.  103.  Nature,  Jan.  20,  1870,  Vol.  XIII,  p.  238.  Natui-e,  Mar.  23, 
1870,  Vol.  XIII,  p.  419.    Scicnt.  Amcr.  Supplement,  June  3,  187G,  Vol.  I,  p.  354. 

»3  Proc.  Uoy.  Soc,  June  15, 1870,  Vol.  XXV,  p.  113. 

>«rroc.  Uoy.  Inst.  Gt.  liiit.,  Feb.  18,  1870,  Vol.  VIII,  p.  C8;  fee  alao,  Natnre,  VoL 
XIII.  p.  407 :  Scient.  Anicr.  Supplement,  Apr.  1,  1870,  Vol.  I,  p.  222;  Scieot.  Amer.  Sup- 
plement, June  10, 1870,  Vol.  I,  p.  373. 
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light  that  its  conductivity  was  fifteen  times  as  great  in  sujilight  as 
U  was  in  tJie  dark. 

In  Werner  Siemens' "  experiments  special  arrangements  were 
made  for  reducing  the  resistance  of  the  selenium. 

For  this  purpose  two  fine  platinum  wires  were  coiled  into  a 
double  flat  spiral  and  were  laid  upon  a  plate  of  mica,  so  that  they 
(lid  not  come  into  contact  with  one  another.  A  drop  of  melted 
selenium  was  then  placed  upon  the  platinum  wire  arrangement,  and 
a  second  sheet  of  mica  was  j^ressed  upon  the  selenium  so  as  to 
cause  it  to  spread  out  and  fill  the  spaces  between  the  wires.  Each 
cell  was  about  the  size  of  a  silver  dime.  The  cells  were  then 
placed  in  a  parafflne  bath  and  annealed. 

Siemens  devised  other  arrangements  of  apparatus  for  reducing 
the  resistance.  In  the  form  known  as  "  Siemens*  Grating,"  the 
two  wires,  instead  of  being  coiled  together,  were  arranged  in  zig- 
zag shape,  forming  a  sort  of  platinum  gridiron. 

This  was  treated  in  the  same  way  as  the  spiral  arrangement. 
Another  form  of  cell  consisted  of  a  sort  of  lattice-work  or  basket- 
work  of  platinum  wires  arranged  upon  a  perforated  mica  plate, 
the  wires  interlacing  with  one  another,  and  with  the  mica  plate  so 
as  to  make  metallic  contact  only  with  alternate  wires.  He  also 
found  that  iron  and  copper  might  be  employed,  instead  of  platinum. 

Without  dwelling  further  upon  the  researches  of  others  I  may 
say  that  all  observations  concerning  the  efiect  of  light  upon  the 
conductivity  of  selenium  had  been  made  by  means  of  the  galvan- 
ometer, but  it  occurred  to  me  that  the  telephone,  from  its  extreme 
sensitiveness  to  electrical  influences,  might  be  substituted  with 
advantage.  Upon  consideration  of  the  subject,  however,  I  saw 
that  the  experiments  could  not  be  conducted  in  the  ordinary  way, 
for  the  following  reason :  The  law  of  audibility  of  the  telephone 
is  precisely  analogous  to  the  law  of  electric  induction.  No  eflect 
is  produced  during  the  passage  of  a  continuous  and  steady  current. 
It  is  only  at  the  moment  of  change  from  a  stronger  to  a  weaker 
state,  or,  vice  versa^  that  any  audible  etfect  is  produced  ;  and  the 
amount  of  eflfect  is  exactly  proportional  to  the  amount  of  variation 
Id  the  current. 

^'Monatsberlcht  der  KOn.  preuss.  Akad.  der  Wissenscliaften  zu  Berlin  for  1875,  p. 
880;  Phil.  Ma?.,  Sov,  1875  (4th  ser.),  Vol.  L,  p.  410;  Nature,  Dec.  9,  1875,  Vol.  XIII,  p. 
112;  Monatsbcr.  Bcrl.  Akad.,  Feb.  17,  1876;  Pogg.  Ann.,  Vol.  CLIX,  p.  117;  Monatsb. 
Bert.  Akad.,  Juno  7, 1877;  Pogg.  Ann.,  1877,  Vol.  II,  p.  521. 
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It  was,  therefore,  evident  that  the  telephone  could  only  respond 
to  the  effect  produced  in  selenium  at  the  moment  of  change  from 
light  towards  darkness,  or  vice  versa,  and  that  it  would  be  advisa- 
ble to  intermit  the  light  with  great  rapidity  so  as  to  produce  a 
succession  of  changes  in  the  conductivity  of  the  selenium  cor- 
responding in  frequency  to  musical  vibrations  within  the  limits  of 
the  sense  of  hearing.  For  I  had  often  noticed  that  currents  of 
electricity,  so  feeble  as  hardly  to  produce  any  audible  effects  from 
a  telephone  when  the  circuit  was  simply  opened  and  closed,  caused 
very  perceptible  musical  sounds  when  the  circuit  was  rapidly 
interrupted  ;  and  that  the  higher  the  pitch  of  the  sound  the  more 
audible  was  the  effect.  I  was  much  struck  by  the  idea  of  produc- 
ing sound  in  this  way  by  the  action  of  light. 

I  proposed  to  pass  a  bright  light  through  one  of  the  orifices  in 
a  perforated  screen  consisting  of  a  circular  disk  or  wheel  with 
holes  near  the  circumference.  Upon  rapidly  rotating  the  disk  an 
intermittent  beam  of  light  would  fall  upon  the  selenium,  and  a 
musical  tone  should  be  produced  from  the  telephone,  the  pitch  of 
which  would  depend  upon  the  rapidity  of  the  rotation  of  the  disk. 

Upon  further  consideration,  it  appeared  to  me  that  all  the 
audible  effects  obtained  from  variations  of  electricity  could  also 
be  produced  by  variations  of  light,  acting  upon  selenium.  I  saw 
that  the  effect  could  not  onl}'  be  produced  at  the  extreme  distance 
at  which  selenium  would  normally  respond  to  the  action  of  a 
luminous  body,  but  that  this  distance  could  be  indefinitely  in- 
creased by  the  use  of  a  parallel  beam  of  light,  so  that  we  might 
telephone  from  one  place  to  another  without  the  necessity  of  a 
conducting  wire  between  the  transmitter  and  receiver. 

It  was  evidently  necessary,  in  order  to  reduce  this  idea  to 
practice,  to  devise  an  apparatus  to  be  operated  by  the  voice  of  a 
speaker,  by  which  variations  could  be  produced  in  a  parallel  beam 
of  light,  corresponding  to  the  variations  in  the  air  produced  by 
the  voice. 

I  proposed  to  pass  light  through  a  perforated  plate  containing 
an  immense  number  of  small  orifices. 

Two  similarly  perforated  plates  were  to  be  employed.  One 
was  to  be  fixed  and  the  other  to  be  attached  to  the  centre  of  a 
diaphragm  actuated  by  the  voice ;  so  that  the  vibration  of  the 
diaphragm  would  cause  the  movable  plate  to  slide  to  and  fro  over 


BT   A.    G.    BELL.  123 

the  surface  of  the  fixed  plate,  thus  alternately  enlarging  and 
contiacting  the  free  orifices  for  the  passage  of  light.  In  this  way 
the  voice  of  a  speaker  could  control  the  amount  of  light  passed 
through  the  perforated  plates  without  completely  obstructing  its 
passage.  This  apparatus  was  to  be  placed  in  the  path  of  a 
parallel  beam  of  light,  and  the  undulatory  beam  emerging  from 
the  apparatus  could  be  received  at  some  distant  place  upon  a 
lens,  or  other  apparatus  by  means  of  which  it  could  be  condensed 
upon  a  sensitive  piece  of  selenium  placed  in  a  local  circuit,  with 
a  telephone  and  galvanic  battery. 

The  variations  in  the  light  produced  by  the  voice  of  the  speaker 
should  cause  corresponding  variations  in  the  electrical  resistance 
of  the  selenium  at  the  distant  place,  and  the  telephone  in  circuit 
with  the  selenium  should  reproduce  audibly  the  tones  and  articu- 
lations of  the  speaker's  voice. 

I  obtained  some  selenium  for  the  purpose  of  trying  the  apparatus 
described,  but  found  upon  experiment  that  its  resistance  was 
almost  infinitely  greater  than  that  of  any  telephone  that  had  been 
constructed ;  and  I  was  therefore  unable  at  that  time  to  obtain 
audible  cflects  in  the  way  desired.  I  believed,  however,  that  this 
obstacle  could  be  overcome  by  devising  mechanical  arrangements 
for  reducing  the  resistance  of  the  selenium,  and  by  constructing 
special  telephones  for  the  purpose. 

I  felt  so  much  confidence  in  this  that  in  a  lecture  delivered 
before  the  Royal  Institution  of  Great  Britain,  on  the  17th  of  May, 
1878,  I  announced  the  possibility  of  hearing  a  shadow  by  means 
of  interrupting  the  action  of  light  upon  selenium.  A  few  days 
afterwards  my  ideas  upon  this  subject  received  a  fresh  impetus  by 
the  announcement  made  by  Mr.  Willoughby  Smith,^^  before  the 
Society  of  Telegraj^h  Engineers,  that  he  had  heard  the  action  of 
a  ray  of  light  falling  upon  a  bar  of  crystalline  selenium  by  listen- 
ing to  a  telephone  in  circuit  with  it. 

It  is  not  unlikely  that  the  publicity  given  to  the  speaking 
telephone  during  the  last  few  years  ma}'  have  suggested  to  many 
minds,  in  different  parts  of  the  world,  somewhat  similar  ideas  to 
my  own  ;  indeed,  it  has  recently  come  to  my  knowledge  that  a 
writer  (J.  F.  W.,i9  of  Kew),  on  the  13th  of  June,  1878,  asked 

'•See  Journ.  of  Soc.  of  Teleg.  Engin.,  May  23, 1978,  VII,  284. 
"  Kntm-e,  Vol.  XVIII,  p.  1C9. 
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the  readers  of  ''Nature,"  tbrough  the  columns  of  that  periodical, 
whether  any  experiments  had  been  made  with  a  telephone  in 
circuit  with  a  selenium  galvanic  element  arranged  as  in  Sabine's 
celenium  batter3;2o  and  suggested  that  it  was  not  unlikely  that 
sounds  would  be  produced  in  a  telephone  by  the  action  of  light  of 
variable  intensity  upon  a  selenium  element  in  circuit  with  it. 

In  September,  or  October,  1878,  Mr.  A.  C.  Brown,  of  London, 
submitteil  to  me,  confidentially-,  the  details  of  a  most  ingenious 
invention  of  his,  of  which  we  may  yet  hear  more.  This  invention, 
although  entirely  dilferent  from  my  own,  involved  the  use  of 
selenium  in  circuit  with  a  battery*  and  telephone,  and  the  produc- 
tion of  articulate  speech  by  the  action  of  a  variable  light.  I  am 
also  aware  that  Mr.  W.  D.  Sargent,  of  Philadelphia,  has  had 
some  ideas  of  a  similar  nature,  the  details  of  which  I  do  not 
know.  I  understood  from  Mr.  Sargent  that  he  proposed  sub- 
mitting selenium  to  the  influence  of  an  oscillating  beam  of  light, 
which  should  be  sent  on  and  off  the  selenium  b^'  the  action  of  the 
voice.  If  this  is  so,  the  effect  protiuced  would  be  only  of  an 
intermittent  character,  and  a  musical  tone,  not  speech,  would  be 
heard  from  the  telephone  in  circuit  with  the  selenium. 

Although  the  idea  of  producing  and  reproducing  sound  by  the 
action  of  light,  as  described  above,  was  an  entirely  original  and 
independent  conception  of  my  own,  I  recognize  the  fact  that  the 
knowledge  necessary  for  its  conception  has  been  disseminated 
throughout  the  civilized  world,  and  that  the  idea  may  therefore 
have  occurred,  independently,  to  manj'  other  minds. 

I  have  stated  above  the  few  facts  bearing  ui)on  the  subject  that 
have  come  under  my  observation. 

The  fundamental  idea  on  tcJu'ch  rests  the  possibility  of  producing 
speech^  by  the  action  of  lights  is  the  conception  of  what  may  be  termed 
an  undulatory  beam  of  light  in  contradistinction  to  a  merely  inter- 
mittent one. 

Bv  an  undulatorv  beam  of  licrht  I  mean  a  beam  tliat  shines 
continuously  upon  the  receiver,  but  the  intensit}'  of  which  upon 
that  receiver  is  subject  to  rapid  changes  corresponding  to  the 
changes  in  the  vibratory  movement  of  a  particle  of  air  during  the 
trausmission  of  a  sound  of  definite  quality  through  the  atmosphere. 
The  curve  that  would  graphically  represent  these  changes  of  light 

»  Nature,  Vol.  XVII,  p.  512,  Apr.  25, 1878. 
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would  be  similar  in  shape  to  that  representing  the  movements  of 
the  air.  I  do  not  know  whether  this  conception  had  been  clearly 
realized  by  J.  F.  W.,  of  Kew,  or  by  Mr.  Sargent,  of  Philadelphia  ; 
but  to  Mr.  A.  C.  Brown,  of  London,  is  undoubtedly  due  the 
honor  of  having  distinctly*  and  independently  formulated  the 
conception  and  of  having  devised  apparatus,  though  of  a  crude 
nature,  for  carrying  it  into  execution. 

It  is  greatly  duo  to  the  genius  and  perseverance  of  my  friend, 
Mr.  Sumner  Taintcr,  of  Watertown,  Mass.,  that  the  problem  of 
|>roilucing  and  reproducing  sound  by  the  agency  of  light  has  at 
last  been  successfully  solved.  For  many  months  past  wc  have 
l:>een  devoting  ourselves  to  the  solution  of  this  problem  and  I 
Lave  great  pleasure  in  presenting  to  you  to-night  the  results  of 
our  labors. 

Researches  of  Sumner  Tainter  and  Alexander  Graham  Bell. 

The  first  point  to  which  we  devoted  our  attention  was  the  reiluc- 
tion  of  the  resistance  of  crystalline  selenium  within  manageable 
limits.  The  resistance  of  selenium  cells,  employed  by  former 
experimenters,  was  measured  in  millions  of  ohms,  and  we  do  not 
know  of  any  rcconl  of  a  selenium  cell  measuring  less  than  250,000 
ohms  in  the  dark. 

AVe  have  succeeded  in  producing  sensitive  selenium  cells  measur- 
ing only  300  ohms  in  the  dark  and  150  ohms  in  the  light.  All  former 
experimenters  seemed  to  have  used  platinum  for  the  conducting 
IMUt  of  their  selenium  cells,  excepting  Werner  Siemens,  who  found 
that  iron  and  copper  might  be  employed.  We  have  discovered  that 
brass,  although  chemically  acted  upon  by  selenium,  forms  an  ex- 
cellent and  convenient  material ;  indeed,  wo  are  inclined  to  believe 
that  the  chemical  action  between  the  brass  and  selenium  has  con- 
tributed to  the  low  resistance  of  our  cells  by  forming  an  intimate 
bond  of  union  between  the  selenium  and  brass. 

We  have  observed  that  melted  selenium  behaves  to  other  suIh 
stsnces  as  water  to  a  greasy  surface,  and  we  are  inclined  to  think 
that  when  selenium  is  used  in  connection  with  metals  not  chemi- 
cillj  acted  upon  by  it,  the  points  of  contact  between  the  selenium 
and  the  metal  offer  a  considerable  amount  of  resistance  to  the 
pusage  of  a  galvanic  current,  and  thus  serve  to  increase  the 
apparent  resistance  of  the  selenium. 
By  usin*'  brass  we  have  been  enabled  to  construct  a  large  num- 
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ber  of  cells  of  different  forma.      Time  will  ouly  admit  of  my 


showing  you  two  typical  forms.     One  of  these  is  shown  in  plan  !n 
fig.  1,  and  in  section  in  fig.  2. 

Tliis  cell  consists  of  two  brass  plates  insulated  from  one  another 
l^y  a  sheet  of  mica.    The  upper  p,(,.  j. 

plato  has  numerous  perfora- 
tions, and  brass  pins  attached 
to  the  lower  plate  pass  tbrough 
these  orifices,  so  tliat  their  ends 
without  touching  the  upper 
plate  are  flush  with  its  surface. 

The  annular  spaces  between 
the  pins  and  the  plate  are  filled 
with  eelsDium.  The  whole  ar- 
rangement forms  part  of  a  gal- 
vanic circuit,  and  it  will  be  ob- 
served that  the  current  can  only 
pass  from  the  plnte  to  the  pins 
through  the  selenium  rings. 

It  will  also  be  seen  that  ow- 
ing to  the  conical  shape  of  the  perforations,  the  points  of  closeit 
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ipproximation  between  the  pins  and  the  plate  nre  on  the  upper 
tarface.  As  the  effect  produced  by  liglit  upon  selenium  is  cliiedy 
i  surface  action,  tbis  arrangement  is  found  to  bo  of  great  advan- 
tage. 

Tbe  second  typical  cell  is  cylindrical  in  form  for  tbe  piiipose  of 
being  used  witb  a  concave  reflector  instead  of  with  a  lens  (see 
fig.  3). 

This  cell  is  composed  of  a  lui^e  number  of  metallio  disks  sepa- 
rated by  disks  of  mica  slightly  smaller  in  diameter.  Tlie  spaces 
l>etn-ccii  the  bras*  disks  ovcrthe  mica  ore  filled  with  selenium,  and 
the  alternate  brass  disks  are  metallically  connected.  Tbe  ari-uugc- 
mcnt  practically  consists 
of  a  large  number  of 
annular  selenium  cells 
United  in  midtiple  arc. 

The  mode  of  applying 
the  Bcleninm  is  as  follows  ; 
The  cell  is  heated,  and 
-KhcD  bot  enough  a  stick 
of  selenium  ia  Tabbed  over 
tlie  surface. 

Id  order  to  acquire  con- 
ductivity and  sensitive- 
ness the  selenium  must 
Bext  undergo  a  process  of 
annaaling. 

ThB  method  we  first  a- 
dDpt«cl  na  thB  following : 

Tbm  Hlaniam  cell  was  placed  with  a  thermometer  in  the  interior 
of  thtcgrlliidrical  annealing  cbaml>er  shown  iu  fig.  4. 

^dtVM  Inserted  in  a  pot  of  linseed  oil,  and  the  tatter  stood 
npOBl^Mi  Wipports  within  another  similar  pot  contauiiug  linseed 
oil.  Iha  wbole  arrangement  was  then  placed  over  a  gas  stove  and 
bedtdtoatnoperatare  of  about  211°  C,  ivhicli  was  founil  to  be 
the ttapHBtore  of  maximum  conductivity  for  the  selenium  used. 
TUs  temperature  was  retained  for  about  twenty-four  houi-s,  and 
the  poti,  witb  tfaeir  contents,  were  then  packed  in  a  box  so  arranged 
*>  to  retard  radiation  of  heat. 

Tlie  selenium  took  ft-om  forty  to  sixty  hours  to  cool  <1owii  to  the 
temperature  of  the  air. 
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A  powerful  batteiy  cuiTent  was  passed  through  the  selenium 
during  the  whole  process  of  heating  and  cooling,  in  accordance 
with  our  theory  that  the  current  exerted  a  powerful  influence  in 
causing  a  set  of  the  selenium  molecules,  and  in  retaining  them  in 
position  until  fixed  by  crystallization. 

A  shunted  galvanometer  was  introduced  into  the  circuit  for  the 
purpose  of  observing  the  changes  of  conductivity-.  We  subse- 
quently found  this  tedious  process  to  be  unnecessary,  as  during 
the  course  of  our  experiments  we  discovered  a  method  of  preparing 
sensitive  selenium  in  a  very  few  minutes. 

We  now  simply  heat  the  selenium  over  a  gas  stove  and  observe 
its  appearance.  When  the  selenium  attains  a  certain  temperature, 
the  beautiful  reflecting  surface  becomes  dimmed.  A  cloudiness 
extends  over  it,  somewhat  like  the  film  of  moisture  produced  by 
breathing  upon  a  mirror. 

This  appearance  gradually  increases  and  the  whole  surface  is 
soon  seen  to  be  in  the  metallic,  granular,  or  crystalline  condition. 
The  cell  may  then  be  taken  off  the  stove  and  cooled  in  any  suitable 
way.  When  the  heating  process  is  carried  too  far,  the  crystalline 
selenium  is  seen  to  melt. 

Our  best  results  have  been  obtained  by  heating  the  selenium 
until  it  crystallizes  as  stated  above,  and  by  continuing  the  heating 
until  signs  of  melting  appear,  when  the  gas  is  immediately  put 
out. 

The  portions  that  had  melted  instantly  re-crystallize,  and  the 
selenium  is  found  upon  cooling  to  be  a  conductor,  and  to  be  sen- 
sitive to  light.  Tlie  whole  operation  occupies  only  a  few  minutes. 
This  method  has  not  only  the  advantage  of  being  expeditious,  but 
it  proves  tlmt  many  of  the  accepted  theories  on  this  subject  are 
fallacious. 

Karly  experimenters  considered  that  the  selenium  must  be 
'•  cooled  from  a  fused  condition  with  extreme  slowness."  Later 
authors  agree  in  believing  that  the  retention  of  a  high  temperature 
— siioit  of  the  fusing  point — and  slow  cooling  are  essential,  and 
tlio  belief  is  also  prevalent  that  crystallization  takes  place  only 
during  the  cooling  process. 

Our  new  method  shows  that  fusion  is  unnecessary,  that  con- 
ductivity and  sensitiveness  can  be  produced  without  long  heating 
and  slow  cooling;  and  that  crystallization  takes  place  during  the 
heating  process.     AVc  have  found  that  on  removing  the  source  of 
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heat  immediately  on  the  appearance  of  the  cloudiness  above  re- 
ferred to,  distinct  and  separate  crystals  can  be  observed  under  the 
microscoi^e,  which  appear  like  leaden  snowflakes  on  a  ground  of 
niby  red. 

UiM)n  removing  the  heat  when  crystallization  is  further  advanced, 
we  perceive  under  the  microscope,  masses  of  these  crystals  ar- 
ranged like  basaltic  columns,  standing  detached  from  one  another 
— and  at  a  still  higher  temperature  the  distinct  columns  are  no 
longer  traceable,  but  the  whole  mass  resembles  metallic  pudding- 
stone  with  here  and  there  a  separate  snowflake,  like  a  fossil  on 
the  surface.  Selenium  crystals,  foi:med  during  slow  cooling  after 
fusion,  present  an  entirely  different  appearance,  showing  distinct 
facets. 

I  will  now  endeavor  to  explain  the  means  by  which  a  beam  of 
light  can  be  controlled  by  the  voice  of  a  speaker. 

Photophonic  Transmitters. 

We  have  devised  upwards  of  fifty  forms  of  apparatus  for  varying 
a  beam  of  light  in  the  manner  required,  but  only  a  few  typical 
varieties  need  be  described. 

(1)  The  source  of  light  may  be  controlled,  or  (2)  a  steady 
beam  may  be  modified  at  any  point  in  its  path. 

In  illustration  of  the  first  method  we  have  devised  several  forms 
of  apparatus  founded  upon  Kojnig's  manometric  capsule,  operating 
to  cause  variations  in  the  pressure  of  gas  supplied  to  a  burner,  so 
that  the  light  can  be  vibrated  by  the  voice. 

In  illustration  of  the  second  method,  I  have  already  shown  one 
form  of  apparatus  by  which  the  light  is  obstructed  in  a  greater  or 
less  degree,  in  its  passage  through  perforated  plates.  But  the 
beam  may  be  controlled  in  many  other  ways.  For  instance,  it 
may  be  polarized,  and  then  affected  by  electrical  or  magnetical 
influences  in  the  manner  discovered  by  Faraday  and  Dr.  Kcr. 

Let  a  polarized  beam  of  light  be  passed  through  a  solution  of 
bisulphide  of  carbon  contained  in  a  vessel  inside  a  helix  of  in- 
snlated  wire,  through  which  is  passed  an  undulatory  current  of 
electricity  from  a  microphone  or  telephonic  transmitter  operated 
by  the  voice  of  a  speaker. 

The  passage  of  the  polarized  beam  should  be  normally  partially 
obstructed  by  a  Nicols  prism,  and  the  varying  rotation  of  the 
plane  of  polarization  would  allow  more  or  less  of  the  light  to  pass 
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through  the  prism,  thus  causing  an  undulatory  beam  of  li^t 
capable  of  producing  speech. 

The  beam  of  polarized  light,  instead  of  being  passed  through 
Illiquid, could  l)e  refloctod  from  the  polished  pole  of  an  electro- 
mngnct  in  circuit  with  a  telephonic  transmitter. 

Anollicr  method  of  affecting  n  beam  of  Uglit  is  to  pass  it 
through  a  lens  of  variable  focus*'  formed  of  two  sheets  of  thin 
glass  or  mica  contaiiiing  between  tliem  a  transparent  liquid  or 
giis.  The  vibrations  of  the  voice  are  communicated  to  the  gas  or 
liquid,  thus  causing  a  vibratory  change  in  the  convexity  of  the 
glass  surfaces  anil  a  corresponiling  change  in  the  intensity  of  the 
light  received  upon  the  sensitive  selenium.  We  have  found  that 
the  simplest  form  of  apparatus  for  producing  the  effect  consists 
of  a  phine  mirror  of  ^flexible  material,  sncU  as  silvered  mico  or 
micro9cope-f/laas,  against  ike  back  of  which  the  apeaker'a  voice  it 
directed,  as  shown  in  tlio  diagram  (fig.  5). 

Light  reQccted  from  such  a  mirror  is  thrown  into  rlhrilWli 

correspondiDg   to   tboM:«f 

^°-  ^-  the  diaphragm  ftMlf.    Xslti 

normal  condition, 


beam  of  light  falling  «fQn 

the  diapbragm  mirrormMy 

be  reflected  parallel.    UMfar 

tbe  action  of  the  voice  the 

mirror    becomes    altematdy 

convex    and    concave,    and 

•thus  alternately  scatters  sod 

condenses  the  light. 

"When  crystalline  selenium  is  exposed  to  the  undiilatory  beam, 

reflected  from  such  an  apparatus,  the  telephone  connected  with 

the  selenium  audibly  reproduces  the  articulation  of  the  person 

speaking  to  tlie  mirror. 

In  arianging  the  apparatus  for  the  purpose  of  reproducing 
sound  at  a  distance,  any  powerful  source  of  light  may  bo  used, 
bnt  we  have  experimented  chiefly  with  sunlight. 

For  this  purpose,  a  large  beam  is  concentrated  by  means  of 
a  lens  upon  the  diaphragm  mirror  and  after  reflection  is  again 

>■  t  obaerTe  Ihnt  n  Icni  of  Bimllnr  constmcllon  lina  been  InTentcd  in  FrNnee  br  Dr. 
Cnaco.  nnil  is  doicrilicd  In  a  rercnt  impcr  in  -'Ln  Nnturc,"  June  ID,  1880.  See,  ilM, 
Scicn.  Anicr,,  Aug.  2S,  IBSO.  Vul.^Lill,  )>.  131.  Hr.  Taliiler  and  I  Iiqtc  uwl  tuch  A 
lens  ill  our  expciimenla  for  moiillis  imtt 
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rendei'eil  p&rmllel  by  meana  of  another  lens.  The  beam  U  received 
at  a  distant  station  upon  a  parabolic  reflector,  in  the  focus  of 
which  ia  placed  a  sensitive  selenium  cell,  connected  in  a  local 
circuit  with  a  battery  and  teleplionc.  We  have  fonud  it  advisable 
to  protect  the  miiTor  by  placing  it  out  of  the  focal  point,  siid  by 
possiog  the  beam  through  an  altim  cell,  as  shown  in  Fig,  6. 

A  l&t^e  number  of  trials  of  tliis  apparatus  have  been  m^do  nith 
tlie  transmitting  and  receiving  instruments  so  far  apart  that 
Doamla  could  not  be  heard  directly  through  the  air.  In  iilustra- 
tioQ,  I  shall  describe  one  of  the  most  recent  of  these  experiments. 

Hr.  Tninter  operated  the  transmitting  instrument,  which  vas 
plued  OD  the  top  of  the  Franklin  School  House  in  WashiDgton, 
fi.  C,  and   the   Bensitlve  receirer  was  arranged  in  one  of  the 


frmdoirs  of  my  laboratory,  1325  L  Street,  at  a  distance  of  213 
metres. 

Upon  placing  the  telephone  to  my  ear,  I  heard  distinctly  from 
the  illuminated  receiver  the  wonls : — "Mr.  Bell,  if  you  hear  what 
I  say,  conio  to  the  window  and  wave  your  hat," 

In  laboratory  experiments  the  transmitting  and  receiving  in- 
Btniments  are  necessarily  within  earshot  of  one  another,  nud  we 
liKc  therefore  been  accustomed  to  prolong  the  electric  circuit 
connecleil  with  the  selenium  receiver,  so  as  to  place  the  telephones 
in  another  room. 

By  such  exiwriments  we  have  found  that  articulate  speech  can 
!» reproduced  by  the  oxyhydrogen  light,  and  even  by  the  liglitof  a 
'kerosene  lamp.  The  loudest  effect  obtained  from  light  is  produced 
by  rapidly  interrupting  the  beam. 
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A  suitable  apparatus  Tor  doing  this  is  a  perforated  disk  whicb 
can  be  rngiidlf  rotated.  Tbe  great  advantage  of  this  form  of 
apparatus  fur  experimental  work  is  tbe  noiselessncea  of  its  Opera- 
tion, admitting  of  tbe  close  approacli  of  tbe  receiver  witbout  in- 
terferiug  ivitb  tlie  audibility  of  tlie  effect  heard  IVora  tbe  latter — 
for  it  will  be  undcrstooil  that  musical  tones  are  emitted  from  tbe 
receiver  when  no  aound  has  been  made  at  the  transmitter.    A 


silent  DiotioD  thus  protluces  a  sound.    In  this  way  musical  touat 

have  been  heard  even  from  the  light  of  a  candle. 

When  distant  effects  are  sought  tbe  apparatus  can  be  arrangnl 

as  shown  in  flg,  7. 
By  pl.icing  an  opaque  screen  near  tbe  rotating  disk,  the  beam 

can  be  entirely  cut  olf  by  a  slight  motion  of  the  band,  and  rousioU 

signals,  lilic  tbe  dots  and  dashes  of  the  Morse  telegraph  code, 
can  thus  be  protluced 
at  the  distant  receiving 
station.  SucU  a  screen 
operated  by  a  key  like 
a  Horse  telogi-apb  key 
13  shown  in  fig,  8,  and 
has  been  operated  very 
successfulty. 

Experiments  to  anetr- 
lain  the  nalitre  of  tbe 
raijs    that  affect    «- 


We  have  made  experiments  with  tbe  object  of  ascertaining  tbe 
nature  of  the  rays  that  affect  selenium.    For  tbis  purpose  we  ha^'e 
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placed  in  the  path  of  an  intermitteot  beam  various  absorbing 
SDbstances. 

Prof.  Croaa  lias  been  kind  enough  to  give  liis  assistance  tn  con- 
ducting tliese  experiments. 

When  ft  solution  of  alum,  or  bisulphide  of  carbon,  is  employed, 
the  loudness  of  the  sound  pi-oduced  by  tlie  intermittent  beam  is 
■very  slightly  diminished,  hut  a  solution  of  iodine  in  bisulpliide  of 
carbon  cuts  olf  most,  but  not  all,  of  the  audible  clfect.  Even  an 
apparentty  opaque  sheet  of  hard  rubber  does  not  entirely  do  this. 

Tliis  observation,  which  was  first  made  in  Washington,  D.  C, 
bj-  Sir.  Taintcr  and  ms'self,  is  so  curious  and  suggestive  that  I 
give  in  full  the  arrangement  for  studying  the  effect. 


When  a  sheet  of  hard  rubber,  A,  was  held  as  shown  in  the 
diagram  (fig.  9)  the  rotation  of  the  disk  or  wheel  B  interrupted 
irbat  was  then  an  invisible  beam,  which  passed  over  a  space  of 
leveral  metres  before  it  reached  the  lens  C,  which  finally  concen- 
tnted  it  upon  the  selenium  cell,  D. 

A  faint  hut  perfectly  perceptiWe  musical  tone  viaa  heard  from  the 
tdefhone  connected  Kith  the  selenium  that  could  be  interrupted  at 
will  by  placing  the  hand  in  the  path  of  the  invisible  beam. 

It  would  be  premature  without  further  experiments  to  speculate 
too  much  concerning  the  nature  of  these  invisible  rnys  ;  but  it  is 
difBcnlt  to  believe  that  they  can  he  heat  rays,  as  the  effect  is  pro- 
duced through  two  sheets  of  hard  rubber  having  between  Ihem  a 
uturated  solution  of  alum. 

Although  effects  are  produced  as  above  shown  by  forms  of 
radiant  energy  which  are  invisible,  we  have  named  the  apparatus 
for  the  production  and  reproduction  of  sounds  in  this  way  "  the 
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Fliotoplioiie,"  becaiiBG  an  ordinary  beam  of  light  contains  the  rays 
wliich  ai'o  operative. 

Non-Electric  Photophonic  Seceivei-s. 

It  is  a  well-known  fact  that  the  molecular  disturbance  prodnced 
in  (t  mass  of  irou  by  tlic  magnetizing  influence  of  an  iutermittcnt 
electrical  current  cnn  be  observed  as  sound  by  placing  Ibe  ear  in 
close  contact  with  tbc  iion,  and  it  occurred  to  us  that  tbe  molecu- 
lar disturbance  produced  in  ciystolline  selenium  by  tliG  action  of 
nn  inteimittent  beam  of  light  should  be  audible  in  a  similar  manner 
without  the  aid  of  a  telephone  or  battery. 

Many  experiments  were  mode  to  verify  this  theory,  but  at  first 
without  definite  results. 

The  anomalous  behavior  of  the  hard  rubber  screen  alluded  to 
above  suggested  the  thought  of  listening  to  it  also. 


Tliia  experiment  was  tried  with  extraordinary  success.  I  held 
the  sheet  in  close  contact  with  ray  ear  while  a  beam  of  intermittent 
light  was  focussed  upon  it  by  means  of  a  lens.  A  distinct  mud- 
cat  note  was  immediately  heard.  We  found  the  efliect  intensified 
by  arranging  the  sheet  of  hard  rubber  as  a  diaphragm,  and  listen- 
ing through  a  hearing  tube,  as  shown  In  fig.  10. 

Wo  then  tried  crystalline  selenium  in  the  form  of  B  thin  disk, 
and  obtained  a  similar  but  less  intense  effect. 

The  other  substances,  which  I  enumerated  at  the  commencement 
of  my  address,  were  now  snccessively  tried  in  the  form  of  thin 
disks,  nn<l  sounds  were  obtained  from  all  but  carbon  and  thin 
glass.** 

In  our  experiments,  one  interesting  and  suggestive  feature  was 
the  different  intensities  of  the  sounds  produced  from  dlfiierent 

><  Wc  havo  clnca  obtulned  perfectly  distinct  tooea  from  carbon  and  tbln  tfua. 
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nibstoBCes  undei'  similar  coDititions.  Wo  fouud  liard  rubber  to 
produce  n  louiler  sound  tliaii  nny  otber  substance  we  tried,  except- 
ing untimony,  and  zhic ;  and  paper  and  mica  to  produce  tlie  weak- 
est sounds. 

On  tlic  whole,  we  foci  warranted  in  announcing  as  our  conclusion 
OtoA  founds  can  be  produced  by  the  aclion  of  a  vurCahle  light  from 
nbslaiicea  of  all  kinds  when  in  the.  form  of  thin  diaphragms.  Tbo 
reason  wliy  thin  diapliragnis  of  the  various  materiala  ore  more 
effective  than  nasscs  of  tlio  same  substances  appears  to  Ije  that 
the  molecular  disturbance  produced  by  liglit  is  cLioQy  a  surfaeo 
action,  au<]  that  the  vibvation  has  to  bo  transmitted  tbi-ough  the 
DU9S  of  the  snbstanco  in  order  to  affect  the  ear. 

On  this  accoant  we  bavo  endeavored  to  lead  to  th«  ear,  air  that 
iidirectly  in  contact  with  tlio  illuminated  surface,  by  throwing  the 
beam  of  liglit  upon  the  interior  of  a  tuiie ;  and  very  promising  re- 
lolts  have  been  obtained.   Fig.  1 1  shows  the  arrangement  we  have 


tried.  We  have  heard  from  interriiptcd  sunlight  very  perceptible 
ntuicol  tones  through  tubes  of  onlinary  vulcanized  rubber,  of  brass 
and  of  wood.  Tlieso  were  all  the  materials  at  hand  in  tubular 
form,  and  we  have  had  no  opiwrtunity  sinoe  of  extending  the  ob- 
aer\-ations  to  other  stihstanccs.'^ 

I  am  extremely  glad  that  I  have  tlie  opportunity  of  making  tlie 
Bret  publication  of  these  researches  before  a  scicntidc  sociely,  for 
it  is  from  scientific  men  Ihnt  my  work  of  the  last  six  years  has 
received  its  earliest  and  kindest  recognition.  I  gratefully  remoiu- 
bw  the  encouragement  wliicli  I  received  from  the  lato  Professor 
Henry,  at  a  time  when  tlie  speaking  tclephono  existed  only  in 
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thcor}'.     Indeed,  it  is  greatly  due  to  the  stimulus  of  his  apprecia- 
tion that  tlic  telephone  became  an  accomplished  fact. 

I  cannot  state  too  highly  also  the  advantage  I  derived  in  pre- 
liminary experiments  on  sound  vibrations  in  this  building  from 
Professor  Cross,  and  near  here  from  my  valued  friend  Dr.  Clarence 
J.  Blake.  When  the  public  were  incredulous  of  the  possibility  of 
electrical  speech,  the  American  Academy  of  Arts  and  Sciences, 
the  Philosophical  Society  of  Washington,  and  the  Essex  Institute 
of  Salem,  recognized  the  reality  of  the  results  and  honored  me 
by  their  congratulations.  The  public  interest,  I  think,  was  first 
awakened  by  the  judgment  of  the  very  eminent  scientific  men 
before  whom  the  telephone  was  exhibited  in  Philadelphia,  and  by 
the  address  of  Sir  William  Thomson  before  the  British  Association 
for  the  Advancement  of  Science.  At  a  later  period,  when  even 
practical  telegraphers  considered  the  telephone  as  a  mere  toy,  sev- 
eral scientific  gentlemen,  Professor  John  Pierce,  Professor  Eli  W. 
Blake,  Dr.  Channing,  Mr.  Clark,  and  Mr.  Jones  of  Providence, 
R.  I.,  devoted  themselves  to  a  series  of  experimei^ts  for  the  pur- 
pose of  assisting  me  in  making  the  telephone  of  practical  utility ; 
and  they  communicated  to  me,  from  time  to  time,  the  results  of 
their  experiments  with  a  kindness  and  generosity  lean  never  forget. 
It  is  not  only  pleasant  to  remember  these  things  and  to  speak  of 
them,  but  it  is  a  duty  to  repeat  them,  as  they  give  a  practical  refu- 
tation to  the  often  repeated  stories  of  the  blindness  of  scientific 
men  to  unaccredited  novelties,  and  of  their  Jealousy  of  unknown 
inventors  who  dare  to  enter  the  charmed  circle  of  science. 

I  trust  that  the  scientific  favor  which  was  so  readily  accorded  to 
the  Telephone  may  be  extended  by  you  to  this  new  claimant, — 
**  Tlie  Photophone:' 
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Oh  some  op  the  consequences  of  the  hypothesis,  recently 
fr0p09ed,  that  the  intrinsic  brilliancy  op  the  fixed 
Stars  is  the  same  por  each  star.^  By  Edward  S.  Holden, 
of  Washington,  D.  C. 

I. 

In  all  statistical  researches  upon  the  arrangement  of  the  fixed 
stars  in  space,  it  has  been  found  to  be  necessary  to  make  some 
fandamental  assumption,  more  or  less  probable. 

Some  assumption  is  forced  upon  us  by  our  complete  ignorance 
of  the  nature  of  the  stars  themselves  and  of  the  real  laws  according 
to  which  thej  are  distributed. 

The  fundamental  assumptions  have  usually  been,  either  that  the 
stars  are  all  of  equal  brightness ;  or  else  that  they  are  equally 
scattered,  so  that  within  equal  portions  of  space,  equal  numbers 
of  stars  exist.  Various  modifications  of  these  two  hypotheses 
have  been  made  and  their  consequences  worked  out ;  but  some 
form  of  one  of  them  has  usually  been  the  starting  point. 

It  may  be  of  interest  to  see  the  consequences  which  follow  from 
an  assumption  less  violent  than  either  of  the  preceding.  This  is 
that  the  brightness  of  the  unit-area  of  all  stars  is  the  same.  The 
simple  formulae  which  relate  to  this  subject  were  put  in  a  form 
which  allows  the  consequences  of  each  of  the  three  fundamental 
tssumptions  to  be  seen,  in  Newcomb  and  Holden's  Astronomy,^ 
page  489.  The  hypothesis  that  the  brightness  of  the  unit-area  of 
all  stars  is  the  same  has  been  recently  made  the  basis  of  computa- 
tion in  a  paper  by  Prof.  £.  C.  Pickering,  ^^  Dimensions  of  the 
Fixed  Stars,  etc.,  reprinted  from  the  Proceedings  of  the  American 
Academy,  Cambridge,  1880,"  in  which  (page  35)  it  is  used  to 
determine  the  dimensions  of  a  dark  satellite  to  Algol.  As  we  can 
have  no  a  priori  proof  of  the  truth  of  this  hypothesis,  it  will 
perhaps  be  useful  to  trace  its  consequences  in  various  directions. 
Although  the  data  at  our  command  arc  not  sufficient  to  enable  us 
to  come  to  certain  conclusions,  yet  they  may  be  sufficient  to  test 
the  value  of  the  fundamental  assumption,  and  it  is  only  for  this 
Reason  that  I  bring  them  together.     It  may  not  be  improper  to  say 

>  DimeoBions  of  the  fixed  stars,  etc.,  by  Prof.  E.  C.  Pickering,  Cambridge,  1880,  p.  3. 
'American  Science  Series*  New  York,  1879. 
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that  they  were  deduced  in  1877,  and  would  have  remained  unpub- 
lished except  for  their  bearing  on  the  present  question. 

While  the  first  two  assumptions  in  regard  to  the  distribution  of 
stars  have  been  shown  to  be  roughly  and  in  a  general  way  approx- 
imations to  the  truth  ^  we  know  that  they  are  in  fact  untrue.  For 
the  hypothesis  that  all  stars  are  of  equal  brightness,  and  thus  that 
stellar  magnitude  depends  on  stellar  distance  alone,  is  contradicted 
directly  by  the  determinations  of  parallax,  and  more  glaringly  and 
in  a  more  general  manner  by  the  existence  of  clusters,  in  which 
stars  of  different  brightness  are  associated  at  the  same  distance 
from  the  earth. 

The  hypothesis  of  equable  distribution  is  negatived  by  the  ex- 
istence of  clusters  at  all,  so  that  while  this  supposition  is  also  in 
a  general  way  true,  it  needs  serious  modifications  to  make  it  fit 
special  cases.  The  third  hypothesis  of  equal  brightness  of  the 
unit-area  of  the  surfaces  of  all  stars  is  certainly  not  true  in  every 
case,  but  in  any  case  it  is  less  violent  than  either  of  the  others 
a  priori.  The  objections  to  it  we  may  consider  later.  It  may  be 
mentioned  here,  that  of  the  324,000  stars  from  first  to  ninth  mag- 
nitude, we  know  considerably  less  than  1,000  highly  colored  stars ; 
the  vast  majority  of  stars  being  white.  This  is  in  no  sense  a 
proof  of  the  assumption.  It  does  not  militate  against  it,  however, 
and  is  what  might  be  expected  if  the  assumption  were  indeed  true. 

AVe  may  express  our  conditions  in  an  algebraic  form  as  follows : 

If  S  be  the  surface  and  R  the  radius  of  a  star  at  distance  D ; 
i  the  amount  of  light  emitted  per  unit  of  surface,  Bn,  its  bright- 
ness in  arbitrary  units  as  seen  from  the  earth,  m,  its  stellar  mag- 
nitude on  any  scale  whose  light-ratio  is  J,  then  the  most  general 
expression  for  Bm  is 

{Bm=-^!  if  light  is  not  extinguished  in  space,  or 
Bn»=?^  if  light  is  extinguished  in  space. 

The  unit  of  D  is  arbitrary. 

If  the  brightness  of  an  average  first  magnitude  star  is  unity, 
Bi  zi:  1 ,  then 

(2)    B„z='>"~^  ;  so  that  for  a  star  of  the  m^^  magnitude 

'Not  only  by  the  results  of  W.  Herscrel,  but  by  the  later  researches  of  rsTEBS, 
Uvu>£N,  C.  S.  Peirce,  Gould>  and  othei-s. 
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(3)  Ba»=5"»— 1  =  ?^ ;  for  a  star  of  the  n^^  magnitude 

(4)  B«  =^-i=l><i  .  also 

D  * 

(5)  |==5— »=(j)»— =  |><iXivl 

If  m  and  n  are  known  on  some  scale  whose  d  is  known,  or  if 
B»  B»  are  measured  photometrically,  then  for  each  star  one  of 
the  quantities  S,  i,  D,  can  be  expressed  in  terms  of  the  other  two, 
and  in  general  this  is  all  that  can  be  done.  If  we  assume  through- 
out 1  =  1'  then  these  equations  become 

(6)   B— iip<i;    (7)   W'  =  ti:^;   and 

W    B-.-^  —    H'XD"* 

There  are  three  special  cases  which  we  may  examine :  I.  Stars 
of  known  distances  D',  D'',  etc.,  or  of  known  parallaxes  tt',  tt", 
etc.  II.  Binary  stars  where  D'  =  D",  although  both  D'  and  D" 
are  unknown  in  general.  III.  Clusters,  where  D'  =  D'',  etc.,  and 
D",  D",  etc.,  are  unknown. 

I. 

In  the  case  of  stars  of  known   parallaxes,   :r',  ^"^  etc.,   the 
equation  (8)  becomes 

B*~R'Xt'''' 

Table  A  (page  140),  contains  the  result  of  recent  measures  of 
veil  determined  parallaxes  (excluding  double  stars). 
We  may  assume  oc  Lyrce  as  the  unit  star,  so  that  B'^  =  1  and 

R"=l  and  deduce  —-.  for  each  star ;  i.  €.,  the  diameter  of  each 
star  relative  to  the  diameter  of  oc  Lyrce.  The  table  shows  the 
largest  diameter  to  be  271  times  the  smallest,  or  not  far  from  the 
ratio  of  the  Sun's  diameter  to  Mercury's  (291  to  1).  This  differ- 
ence Corresi>ond3  to  an  immense  difference  of  mass,  but  perhaps 
iJOt  sufficient  to  show  that  the  fundamental  hypothesis  i  z=:  i'  =  i", 
*tc.,  is  eiToneous.  We  may  go  farther  and  apply  the  formulae  to 
double  stars  and  clusters. 

II. 
In  a  note  in  the  American  Journal  of  Science  for  1880,  June 
(page  467),  I  gave  certain  tables  of  binary  stars  which  I  had 
prepared  in  1877  with  reference  to  this  subject. 


140 


FIXED  stars; 


Table  I,  there  given,  contained  122  stars  certainly  binary  and 
T¥ith  component  stars  of  like  color.  The  magnitudes  and  colors 
are  from  the  best  authorities.  The  mean  difference  of  magnitudes 
(B-A)  is  0.53". 


STAR'S  NAME. 

MAG. 

V 

COIjOR. 

BRIGHTNESS. 

«  Lyras  ^  1 

DIAMETER. 

«Lyne=sl 
li    =1 

21185  Lalande 

7 

0-  .50 

[0.0041] 

0.02 

S4  Groombridge 

8 

0  .31 

[0.0016] 

0.02 

21258  Lalande 

8JS 

0  .26 

[0.0010] 

0.02 

O.  A.  17415 

OJS 

0   .35 

[0.0002] 

0.01 

9  Draconis 

5 

0  .22 

[0.0256] 

0.11 

«  Canis  MaJ. 

1 

0  .19 

4.285  « 

1.63 

ocLyrse 

1 

0  .15 

1.000 « 

1.00 

1830  Groombridge 

7 

0  .15 

reddish 

LO.0041] 

0.06 

t  Ur8»  MaJ. 

3 

0  .13 

0.0476* 

0.25 

ec  BoUtis 

1 

0  .13 

0.7943 « 

1.03 

y  Draconis 

2 

0  .09 

0.0817* 

0.48 

flc  Auriga9 

1 

0  .05 

0.8185  « 

2.71 

oc  Urs.  Min. 

2 

0  .05 

0.1263  « 

1.04 

• 

0.64  mean 

Table  II  contained  forty  stars  certainly  binary,  the  components 
being  of  different  colors:  the  mean  difference  of  magnitudes 
(B-A)  is  2.44™. 

These  tables  showed  that  considering  evei^  knoum  case  of  binary 
stars  of  known  color:  I.  TJie  components  of  the  122  binary  stars 
of  the  same  color  differ  in  magnitude  on  the  average  only  0.5". 

II.  The  components  of  the  40  binary  stars  of  different  colors 
differ  in  magnitude  07i  the  average  2.4"." 

Our  equation  (8)  is  ($m-n  — R'xt>'  * 

For  any  pair  of  stars,  certainly  binary,  D'  =  D"  and  the  ratio 


R 


-;i  can  be  taken  out  of  the  following  table,  which  is  computed 


«8eidel:  Ueber  d.  gegenseitlgen  Helligkeiten  der  Fixsteme  (1852).   The  ottwr 
numbers  in  this  column  are  interpolated  with  6 =0.40. 


BT  EDWARD   8.   HOLDEN. 


141 


fith  various  values  of  d  (the  light-ratio),  by  entering  it  with 
1 — viy  I.  e.,  the  difference  in  magnitude  of  the  component  stars. 

^nriNO   THE  VALUES  OF   (IV" "*   FOR  THE  LIGHT-RATIOS  OF  ArGEL- 

AMDER,    StRUVE    AND   J.    IIeRSCIIEL.^ 


• 

as 

• 

• 

• 

S  s 

»   8 

?J     § 

i  s 

a— M 

i   11 

S     II 

1  li 

H  —  m 

i  II 

£      II 

i  I' 

3  «> 

<D       (O 

£    •« 

O        K) 

(fi         #0 

M      .o 

a: 

X 

< 

< 

0.4 

1.000 

1.000 

1-000 

5.0 

98. 

190. 

30. 

.1 

1.10 

1.11 

1.08 

.S 

1.20 

1.23 

1.16 

5.5 

155. 

321. 

C5. 

.S 

1.33 

1.37 

1.25 

.4 

1.44 

1.52 

1.34 

0.0 

245. 

620. 

109. 

.5 

1.582 

l.(i05 

1.445 

.« 

1.73 

1.88 

1.5IJ 

6.5 

38C. 

800. 

183. 

.7 

l.'.iO 

2.09 

l.f)8 

.8 

2.07 

2.33 

1.80 

7.0 

G13. 

1242. 

306. 

.9 

2.27 

2.58 

1.94 

1.0 

2.500 

2.K57 

2.083 

7.5 

970. 

1908. 

512. 

.1 

2.74 

3.17 

2.25 

.t 

S.flO 

8.53 

2.40 

8.0 

1531. 

2033. 

802. 

.S 

8.29 

3.91 

2.59 

.4 

3.(U 

4.35 

2.79 

8.5 

2410. 

4.V25. 

1439. 

.ft 

3.d33 

4.831 

8.003 

.« 

4.33 

fi.38 

3.24 

9.0 

3831. 

0897. 

2415. 

.7 

4.74 

6.99 

3.48 

.8 

6.21 

6.<;7 

3.75 

9.5 

C024. 

10582. 

4065. 

.9 

6.71 

7.41 

4.03 

1.0 

0.2.J0 

8.130 

4.348 

10.0 

9(n5. 

102,34. 

G757. 

.1 

6.H5 

9.01 

4.(>7 

.1 

7.53 

10.00 

5.03 

10.5 

15314. 

24108. 

11377. 

4 

8.26 

11.11 

5.41 

.4 

9.09 

13. :» 

6.81 

11.0 

24a38. 

3^4•;l . 

18975. 

.5 

10.000 

13. 717 

U.i.'W 

.« 

10.75 

15.24 

6.71 

11.5 

38314. 

59172. 

31746. 

.7 

11.79 

16.95 

7.25 

.8 

12.94 

18.83 

7.81 

12.0 

C0241. 

01743. 

5.3191. 

.9 

14.16 

20.93 

8.40 

1.0 

lft.fl25 

23.310 

0.091 

12.5 

94340. 

140815. 

89286. 

.1 

17.1 

25.8 

9.7 

.3 

18.7 

28.6 

10.5 

13.0 

ir>037G. 

2i(;ir.o. 

149701. 

.) 

20.5 

81.7 

11.3 

.4 

22.4 

85.3 

13.1 

13.5 

23G0C7. 

.^3i>•>«). 

250000. 

.ft 

24.57 

39.06 

13.00 

.1 

27.0 

43.5 

14.0 

14.0 

3751)40. 

510201. 

418410. 

.7 

29.6 

48.3 

15.1 

.8 

32.5 

53.8 

1«.3 

.9 

1   A 

85.6 

50.9 

17.5 

4.0 

89.06 

etijn 

IS.^0 

.1 

42.9 

74.1 

20.2 

•i 

4«.7 

82.0 

21.8 

.1 

51.3 

90.9 

2.3.5 

.4 

.ft 
.6 

m 

56.3 

101.0 

2.'V.3 

CI.78 

112.23 

27.17 

C7.6 

131.7 

29.2 

.1 

.8 

.» 

ft.o 

74.1 

1.«.5 

31.5 

81.8 

1.M.9 

3;j.o 

».8 

171.2 

:{i;.r> 

87.66 

190.48 

39.0C 

_   'Stable  is  the  converse  of  that  given  by  Johnson  in  the  Rajlcliffo  Obi^crvations, 
^tp.Sl,  Appendix,  which  is  computed  Avilh  three  eiguillcaDt  fl^fun 
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If  the  underlying  hypothesis  i  =  i',  etc.,  is  true,  it  would  follow 
that  of  the  stars  of  Table  I  the  larger  is  on  the  average  1.6  times 
the  surface  of  the  smaller,  while  Table  II  would  show  that  on  the 
average  the  surface  of  the  larger  star  of  each  pair  was  9.1  times 
that  of  the  smaller  for  pairs  of  different  colors. 

It  may  be  said  in  passing  that  the  colors  of  the  small  stars  in 
Table  II  are  not  due  to  their  proximity  to  the  large  stars,  but  are 
intrinsic.  The  doubt  in  the  conclusion  as  to  relative  size  is  a 
doubt  whether  the  fundamental  hypothesis  of  equal  intrinsic  bril- 
liancy is  true. 

Still  keeping  to  this  assumption  we  can  go  farther,  as  Prof. 
Pickering  has  shown  (o/).  ci7.,  pp.  G,  7),  for  we  can  find  the  mass 
of  each  component  of  a  binary  star  of  known  parallax.  Thus  if 
M  and  M'  be  these  masses,  a  the  mean  distance  of  M  and  M'  and 
T  the  periodic  time  in  yeai's 


M  +  M'  =  ^ 


S 

"a 


D  and  p  being  the  distance  and  parallax  of  the  binary  D  z=:  1  -^  sinp. 
If  a"  is  its  semi-major  axis  in  seconds 

a  =  DXsin  a"  and  a  =  ''i^'  = ''-'. 

bill  p        p 

Thus  M  +  M'  =:  ^?^,  the  unit  of  M  and  M'  being  the  sun's 

mass. 

Knowing  j>,  a"  and  T  for  any  binary,  we  may  deduce  the  dimen- 
sions of  each  component.  Thus  for  oc  Centauriy  j^  =  ^"-^ 
(Gylden),  a'=  15".5,  T  =  80.0  years  (Russell  in  Monthly 
Notices,  R.  A.  S.,  1877),  whence  M -f- M' =  0.80  of  the  sun's 
mass. 

Sir  John  IIersciiel  in  the  Cape  of  Good  Hope  observations' 
(p.  300),  says  the  components  of  oc  Centauri  are  of  the  sam^ 
color   and    differ   0.73    magnitudes  (A  =1.00,  B=:1.73),  ^  foir 
IIeksciiel  is  0.480  whence  IL!^^  (2  083)  ^''^  =  1.71 


also  II-.  =  1.31  and  ?*',  =  ^[t  =  2.23. 


Hence  M  =  0.55  of  the  sun's  mass. 
M^  =  0.25  *'     **      ''         *' 
M  +  M'=0.80  "     "      "         " 
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These  results  differ  from  those  given  by  Prof.  Pickering  (page 
6),  who  makes  ^  =  63.0  on  account  of  a  different  assumption  as 
to  tbe  relative  magnitude  of  the  two  components. 

TLe  recent  research  of  Dr.  Elkin,  Ueber  die  parallaxe  von 
xCentauii  leads  to  the  conclusion  (p.  25),  that  the  masses  M  and 
M'  are  equal. 

III. 

X^t  us  apply  this  hypothesis  to  the  case  of  a  cluster  of  stars. 
•  The  cluster  contains  say  Nj  stars  all  at  a  distance  Dj  from  us. 
Suppose  the  cluster  to  be  10'  in  diameter.  Beside  the  Ni  stars 
^hich  really  make  up  the  cluster,  others  are  seen  in  the  same 
fi^ld  of  view :  that  is  the  cluster,  as  we  see  it,  consists  of  two 
classes  of  stars.  First,  the  Ni  stars  really  associated  with  each 
otber  in  a  physical  connection  and  at  the  same  distance  Dj  from 
^^^  sun,  and  second,  those  scattered  on  the  backgi'ound  of  the 
"havens  which  (accidentally)  are  seen  among  the  component  stars 
of  the  cluster. 

The  last  may  be  practically  eliminated  from  the  cluster  by  ex- 
^'nining  many  fields  of  view  10'  in  extent  situated  about  the  clus- 
^^  in  question.  The  average  number  and  magnitude  of  the  stars 
i«  such  10'  fields  can  be  determined  and  subtracted  from  the  stars 
0'  the  real  cluster.  Then  there  remain  Ni  stars  of  a  magnitude 
**oiti  a  to  5  for  example.  At  the  unknown  distance  Di  of  this 
P^'^ticuiar  cluster  we  learn  that  stars  of  the  apparent  magnitudes 
•^"om  a  to  b  are  intermixed.  From  other  clusters  we  may  also 
^^termine  like  data. 

^ut  all   the  stars  of  the  real   cluster  are  at  (essentially)  the 
^*^e  distance  Dj  and  assuming  them  to  have  the  same  power  to 

^^iate  light  per  unit  of  surface  the  range  of  magnitudes  (a b) 

^*1  afford  us  a  means  of  determining  the  probable  range  of  size 

*  •  .  .  .  Rs  of  the  component  stars. 

,    ^'or  a  star  of  the  brightest  magnitude  a,  <rives  out  an  amount  of 

*8ht  expressed  by  <5«— i,  and  similarly  the  faintest  star  of  the 

I^Bter  gives  out  the  light  o^  — ^ .     As  these  stars  are  at  the  same 

^^^nce  their  relative    brightness  is    proportional  to  o^  —  ^z= 

grT^^' .     Thus  for  this  particular  cluster  the  assumption  i'  =  i' 

^^^s  US  the  relation  R'  =  R"  X  <^    2    .     Other  clusters  will  give 
fi'"=iR*^  X  ^~i~etc.,  and  by  collecting  all  the  cases  where 
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clusters  have  been  examined  with  respect  to  the  magnitudes  o 
the  contained  stars,  a  mean  value  of  the  ratio  ^  can  be  had.  O 
course  the  best  value  is  only  to  be  had  from  those  clusters  whicl 
have  been  most  carefully  studied,  but  these  are  now  too  few  fo; 
our  purpose.  I  have  collected,  in  Table  C  (pp.  146-151),  the  re 
suits  from  the  principal  monographs  and  from  the  clusters  of  SI 
John  Herschel's  southern  sweeps, —  in  all  167  cases.  The  meai 
value  of  ^  is  4.1.  That  is,  in  these  167  clusters,  supposing  th 
stars  in  each  cluster  to  be  equally  bright  per  unit-area,  the  diam 
eter  of  the  largest  star  is  on  the  average  4.1  times  the  diamete 
of  the  smallest  star  of  each  cluster.  This  depends  upon  the  fact 
which  is  well  known,  that  clusters  usually  are  composed  of  star 
of  about  the  same  magnitudes. 

Under  the  fundamental  assumption  the  mean  difference  of  mag 
nitudes  is  about  3.8™  on  Herschel's  scale. 


SUMMARY 


The  fundamental  assumption  that  the  brightness  of  the  unit-area 
of  all  stars  is  the  same  has  now  been  applied  to  the  cases  of 

1st,  stars  of  known  distance, 

2ud,  binary  stars, 

3rd,  clusters. 

The  results  reached  are 

1st,  that,  admitting  this  assumption,  some  of  the  isolated  stars 
are  as  much  as  271  times  greater  in  diameter  than  others, 

2nti,  that  the  binary  stars  of  like  color  are  composed  of  two 
equal  stars,  while  those  of  different  color  are  composed  of  two 
stars  one  about  three  times  the  diameter  of  the  other  on  the  aver- 


age. 


3r(l,  that,  on  the  average,  the  brightest  star  of  any  cluster  is 
about  4.1  times  as  great  in  diameter  as  the  smallest  of  the  same 
cluster. 

There  is  nothing  impossible,  or  it  may  even  be  said  highly  im- 
probable, in  these  conclusions.  They  stand  or  fall  with  the  hy- 
pothesis on  which  the}'  are  founded. 

"We  can  push  our  conclusions  a  little  farther. 
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If  we  have  two  stars  A  and  B  whose  brightness  is  B'  and  B" 
we  have  seen  that 

JL  =  ^1!>^-^'-'  or 

B"        K'axi>  ' 
D'    —   K'  ^  B^'* 

g77  is  necessarily  finite  and  for  our  present  telescopes  its  greatest 
\alue  Is  about  400,000.  ^-  we  have  seen  for  isolated  stars  has  a 
maximum  value  (Table  A)  271,  whence  ?t  =  271X633  =  171,643. 

From  this  it  would  appear  that  on  the  fundamental  assumption 
and  using  the  best  data  now  available,  it  is  not  likely  that  any 
visible  star  is  more  than  200,000  times  farther  from  us  than  the 
nearest  fixed  star. 

There  are  strong  reasons  to  believe,  as  I  have  elsewhere  noted, 
that  an  indefinite  increase  of  the  aperture  of  our  telescopes  would 
not  bring  to  view  an  indefinite  number  of  stars  of  the  fainter 

magnitudes,  or  that  ^  has  a  limiting  value  not  far  perhaps  from 
500,000.  The  co-efticient  271  (Table  A)  will  be  changed  with 
further  determinations  of  parallax  but  must  always  remain  finite. 
Thus  it  would  follow  that  our  sidereal  system  is  comparatively 
narrowly  limited  in  its  boundaries,  since  ^  is  always  finite  and 
Sttall. 

The  above  conclusions  follow  when  once  the  fundamental  hy- 
pothesis is  admitted  as  a  basis  for  computation.  I  have  thought 
that  they  should  be  presented  in  connection  with  that  hypothesis 
^aid  iu  forming  an  adequate  idea  of  its  justness  and  probability. 

U.  S.  Naval  Observatory,  1880,  August. 
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152         NEW  INSTRUMENTS   FOR  THE   DETERMINATION   OF  TIME  ; 
i'ROBLKMS     IN    "WTaTSON's     Co-ORDINATES.         By    ThOMAS     HiLL,   of 

Portland,  Me. 

[abstract.] 

The  equation  p=zA  (a — sin  m  >)",  in  which,  as  in  Vol.  XXII, 
pp.  27-30,  and  Vol.  XXIV,  pp.  41-47,  p  is  the  length  of  a  perpen- 
dicular from  the  origin  on  the  tangent,  and  v  is  the  angle  it  makes 
with  the  axis,  was  discussed  for  the  case  in  which  h=z — 1.  The 
curves  represented  by  it  are  peculiar ;  and  touch  the  conic  sections 
in  the  parabola  and  circle,  but  not  in  any  other  forms ;  a  new 
illustration  of  the  fact  that  the  capability  of  assuming  certain 
forms  in  common  is  not  proof  of  community  of  origin. 


On  TWO  New  Instruments  for  the  Determination  of  Time  and 
Latitude.     By  S.  C.  Chandler,  jr.,  of  Boston,  Mass. 

I  DESIRE  to  call  the  attention  of  practical  astronomers  to  two 
new  instruments  for  the  determination  of  time,  one  of  them  also 
for  latitude,  the  principles  of  constmction  of  which  I  believe  to  be 
novel.  They  seem  to  possess  advantages  which  entitle  them  to 
consideration. 

The  first  of  the  instruments  I  propose  to  call  the  Almacantar, 
from  an  Arabic  term,  now  obsolete,  but  appropriate  for  this  pur- 
pose. From  the  results  attained  with  an  experimental  instrument, 
I  feel  justified  in  claiming  that  in  accuracy,  efficiency,  and  con- 
venience, this  construction,  for  instruments  of  moderate  size,  is 
superior  to  the  transit  instrument,  while  it  is  very  much  cheaper. 
The  principle  involved  is  the  same  as  that  of  Kater's  floating 
collimator  for  deter::.iining  the  zenith  point  of  a  graduated  circle. 
Beyond  this,  however,  there  is  no  further  resemblance. 

Briefly  described,  the  instrument  consists  of  a  heavy  base,  with 
approximate  levelling  screws  at  the  corners.  From  the  centre 
arises  an  upright  cylindrical  pillar  surmounted  by  a  cap  of  hard 
brass,  and  surrounded  at  the  middle  and  the  base  of  the  pillar  by 
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brass  collars.  These  serve  aa  bearings  for  a  liollow  brass  sleeve, 
closely  fitting  and  turning  smoothly  on  the  pillar.  This  sleeve  ia 
provided  with  a  ci-oss-liead  and  lateral  diagonal  braces  which 
rapport  a  shallow  trough,  in  the  form  of  a  long,  hollow  rectangle. 
In  thU  trougb  is  contained  tlie  mercury,  to  the  depth  of  about  an 


eighth  of  an  inch,  npon  which  swims  a.  float  of  wood  or  iron,  also 
»hol!ow  rectangle,  a  little  smaller  than  the  Irongli.  By  means  of 
tropins  projecting  from  the  siiles  of  the  trough  and  plnying  in 
nrtical  slots  in  the  si<leB  of  the  float,  the  laUer  in  kept  iu  place, 
"hileit  is  free  to  seek  its  equilibrinm.  From  the  middle  of  the 
insiile  edges  of  the  float  project  two  bent  arms  of  brass,  the  lower 
eniJsof  which  support  the  horizontal  n.-sis  of  liie  lelesfopc.  Tiie 
wis  is  provided  at  one  end  with  a  clamp,  and  at  Ibc  other  with  an 
illaninatiog  contrivance  ;  and  the  telescope  has  a  icliculc  of  fl\  c 
'wiwntal  spider-Hnes.     (Fic.  1.) 
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If  the  telescope  is  turned  on  its  axis  and  clamped  at  any 
desired  altitude,  and  the  whole  instrument  revolved  around  the 
upright  axis,  the  sight  line  will  describe  a  small  circle  parallel 
to  the  horizon.  A  few  seconds  only  are  required  for  the  mercury 
and  float  to  come  to  perfect  rest.  It  is  evident  that  the  transit 
of  stars,  as  they  rise  or  fall  over  this  horizontal  circle,  may  be 
observed,  and  will  furnish  the  means  of  finding  the  clock  error, 
and  the  latitude,  by  a  proper  selection  of  the  stars  in  different 
azimuths. 

The  mathematical  theory  of  the  instrument  is  succinctly  indi- 
cated as  follows :  — 

Let  ^  =  latitude  of  place  of  observation. 
C   =  zenith    distance    of  star. 


((      it 


t    =  hour  angle 

A  =  azimuth  "      " 


((      i( 


q  =  parallaqjtic  angle 
«  z=  right  ascension      "      ** 
d   =  declination  "      " 

0   z=  sidereal  time 

From  the  spherical  triangle  between  the  pole,  the  zenith,  and 
the  star 

008  ^  COS  6  >     /1\ 

We  have  also  0  z=z  ^  ^  t,  j 

The  differentiation  of  (1)  gives 

^^  =  ^osq^^-r^j^d3  +  ^^^^^^  }    (2) 

where  q  and  A  are  found  by 

o*       k  co«  i  Bin  t  *^ ,  COB  ^  sin  A cos  ^  sin  t  /px 

S^'^  ^  =        Biai'  ^^°  ^  —        cos  a        —        sine  V^) 

Let  Co»  ^oi  *  oi  ^^^  ^ot  ^®  assumed  approximate  values,  which 
employed  in  eq.  (1)  give  0^,  and  f^,. 

Also  let  ct ',  d\  be  the  apparent  place  of  the  star, 

C  =  the  actual  zenith  distance  at  which  the  instrument  is  pointed, 

r  =  the  refraction. 
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lb  2  CUB  ^  i»in  A 

I  =  ^-^,   "                L  =  -Aco8A,3,J^    ).    (4) 
z=  C  —  Co  (time)  y i 


a=  oc'—  cfc^  " 


COS  ^  sin  A 


Then  we  have  the  final  equation  for  the  clock  correction  JT,  T 

being  the  observed  clock  time  of  the  star's  passing  the  middle 

thread, 

JT  =  Z  (z  +  r)+U  +  0^  —  T  +  a  +  I>d  (5) 

where  (z  +  r),  treated  as  a  single  unknown  quantity,  is  the  devia- 
tion of  the  collimation  line  of  the  telescope  from  the  assumed 
horizoDtal  small  circle.  The  term  L  Z  disappears  if  the  correct 
'atitude  has  been  used  in  the  computation  of  i^  and  0^.  The  rest 
^^  the  second  member  contains  only  known  quantities. 

^or  reducing  the  observed  time  T'  of  the  star's  passage  over  a 
•*cJe  thread,  whose  interval  (in  time)  from  the  middle  or  mean 
^^ead  is  /,  we  have 

T  =  T' +  Z/-- Z2  i^^^i^A^    llsinVP  (6) 

'^^t'e  the  last  term  is  insensible  for  observations  made  near  the 
^'^Hiie  vertical,  and  is  in  general  small  except  near  the  meridian, 
^or  the  special  case  where  C  =  90  —  ^,  that  is,  for  the  small 
^**i^ontal  circle  passing  through  the  pole,  the  above  formulas  are 
^*">^  much  simplified,  as  follows : 

Cos  <  =:  tan  f  tan  (45^  —  i  ^) 
Sin  A  = -^^-?A^»^        q=zt 

C08^  ^ 

D  =  A  -  -  — 

*■  b    CU8  6  tau  I 
j^_._    ,  ^-o^A  }     (6) 

15     COS  6  am  t 

z  = 


C08  6  bin  t 


r»^  COS  A  CO^  7   yg  COB  A 

^  sini        —  ^     uET 


J 


In  the  practical  use  of  the  instrument  at  any  given  station,  it 
^1  be  convenient  to  compute  once  for  all,  for  some  one  appro- 
priate horizontal  circle,  or  value  of  C,  the  values  of  0^  and  also 
fte  oo-efflcients  D  and   Z  for  all  Nautical  Almanac  stars,  with 
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assumed  approximate  values  of  «  ^  and  d^.  These  values  will  last 
for  a  scries  of  years.  I  would  suggest  for  these  latitudes  the 
small  circle  passiug  through  the  pole,  being  one  which  possesses 
many  practical  advantages,  as  the  plane  in  which  the  instrument 
should  be  used.  AVhatever  circle  is  chosen,  the  instrument  can  be 
quickly  and  approximately  set  to  the  altitude  in  question  by 
methods  which  I  need  not  stop  to  describe.  As  many  stars  as 
are  desired  may  then  be  observed  alternately  east  and  west, 
preferably  near  the  prime  vertical.  A  single  pair  of  stars  will  of 
course  suffice  to  determine  the  deviation  of  the  instrument  from 
the  assumed  plane  and  the  clock  correction,  or  (z^r)  and  J  T. 
A  set  of  several  stars  can  be  treated  by  the  method  of  least  squares. 
If  the  latitude  is  only  approximately  known,  the  pairs  of  stars 
can  be  selected  so  as  to  eliminate  the  unknown  error  in  latitude. 
Also  stars  can  be  chosen  which  have  large  latitude  co-efficients, 
and  the  correction  to  assumed  latitude  found  with  great  accuracy. 
I  will  only  mention  that  by  the  application  of  a  weight  which,  by 
a  screw,  may  be  moved  longitudinally  along  the  float,  a  micrometer 
of  great  delicacy  would,  be  furnished,  operating  on  the  principle 
of  gradual  and  minute  alterations  of  the  centre  of  gravity,  and 
thus  of  the  altitude  of  the  sight  line.  This  would  permit  of  the 
employment  of  the  methods  used  with  the  zenith  telescope  for 
latitude. 

The  advantages  which  are  claimed  for  this  instrument,  over  the 
transit  instrument,  are  principally  : 

1st.  Simplicity  in  use,  Iherc  being  only  one  adjustment  to  make, 
and  only  one  instrumental  error  to  determine.  There  are  no 
levellings  or  reversals  to  make,  operations  which  take  fully  one- 
half  the  time  and  labor  of  using  a  transit.  The  observation  of 
slow  moving  polar  stars  ma^'  be  dispensed  with,  which  is  another 
cconomv  of  time. 

2d.  The  greatly  lessened  danger  of  disturbing  the  adjustment 
of  the  instrument  by  blows  or  jars,  or  want  of  steadiness  in  the 
mounting.  A  jar,  which  would  infallibly  throw  a  transit  out  of 
level  or  azimuth,  produces  in  this  instrument  only  a  slight  oacillar 
tion,  which  ceases  in  a  few  seconds,  the  instrument  returning  to 
absolutely  the  same  plane  as  before  disturbance. 

3d.  Greatly  diminished  cost;  there  being  no  parts  requirung 
great  nicety  of  construction,  such  as  the  pivots  of  the  transit. 

4th.   Combination  of  a  time  and  latitude  instrument. in  one. 
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A«  t»  accuracy,  I  find  that,  even  with  tliis  experimental  instra- 

ment,  iu  many  respects  provieional  in  its  construction,  with  an 

object  glass  or  very  \)oot  definition  (of  1 J  inches  aperture  and  25 

inches  focus),  employed  in  the  open  air  with  no  protection  what- 
ever from  the  wind,  and  placed 

merely  upon  an  onlinary  table,  ***   ' 

or  box  of  sand,  I  obtain  results 

of  at  least  equal  precision  with 

those   given    by   transit    inetrn- 

ments  of  about  the  same  size,' 

under    the    best    circumstances. 

The  probable  error  of  the  clock 

OorrecUon  found  by  this  instni- 

DKDt,  f^m  a  set  of  stars  such  as 

vould  ordinarily  be  taken  with  a 

transit,    for    clock    and    instru- 

ntental   corrections,  is  not  o^-er 

^0'O5  Bcc.     From  my  practical 

experience  with  transits  in  actual 

Work,  I  do  not  hesitate  to  assert 
Um  belief  that  for  instruments  of 
n)oderat«  size,  this  new  construe- 
tion  is  more  serviceable  than  the 
tneridiaii  transit. 

The  second  instrument  lo  be 
described  is  also  an  equal  alti- 
tode  inatrument,  but  is  con- 
btmcted  on  a  totally  distinct 
principle,  and  is  of  a  very  differ- 
ent order  of  accuracy.  It  is  in- 
tended to  supply  the  place  of  a 
•extant  for  land  use,  and  of 
small,  portable  transits  in    the 

<)etermination  of  time  by  survey- 

oiB,  exploring  parties,  watch- 
makers,   and    all    who    desire  a  ' 

simple  means  of  finding  the  time 

^Ihin  a  second. 
It  consists  of  a  swinging  bar,  suspcurlcd  at  the  upper  end  on  a 

pivot,  in  such  a  way  us  to  permit  the  bar  to  assume  freely  a 
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vertical  position,  without  any  torsional  revolution.  To  the  bar  is 
affixed  a  small  telescope,  the  object  glass  near  the  bottom,  the 
eye-lens  at  the  top  of  the  bar,  with  a  horizontal  wire  in  the  common 
focus.  Below  the  object  glass  a  frame  is  fixed  to  the  bar,  carrying 
a  plane  mirror  swinging  on  a  horizontal  axis,  and  provided  with 
a  clamp  for  fixing  the  mirror  at  any  desired  inclination.  Below 
this  is  a  metal  bob.  The  whole  construction  thus  forms  a  pendu- 
lum, which  is  suspended  inside  a  large  tube,  at  the  base  of  which 
are  approximate  levelling  screws.     (Fig.  2.) 

It  is  evident  that  if  the  instrument  be  turned  towards  the  sun, 
and  the  mirror  revolved  until  rays  pass  after  refiection  directly 
up  the  telescope  tube,  an  eye  looking  into  the  telescope  will  see 
an  image  of  the  sun  in  the  field  which,  as  the  sun  rises  or  falls  in 
altitude,  will  appear  to  cross  the  horizontal  wire,  which,  in  fact, 
represents  a  section  of  a  small  circle  in  the  heavens,  parallel  to 
the  horizon. 

This  brief  explanation  will  indicate  clearly  the  use  of  this 
instrument  in  getting  the  time  by  equal  altitudes  of  the  sun.  For 
this  purpose  it  possesses  the  most  surprising  facility  and  accuracy. 
The  instrument  can  be  adjusted  in  a  few  seconds  so  as  to  bring 
the  sun  to  the  proper  place  in  the  field.  The  mirror  being  clamped, 
the  transit  of  both  limbs  of  the  sun  over  the  horizontal  wire  may 
be  observed  to  within  a  half  a  second  by  an  ordinary  watch.  The 
instrument  is  then  set  aside  until  a  corresponding  time,  afternoon, 
or  next  morning,  when  the  transit  is  again  observed.  The  watch 
error  from  noon,  or  midnight,  of  course  follows  by  applying  to  the 
mean  of  the  observed  times,  the  ^^  equation  of  equal  altitudes^  and 
the  '*  equation  of  time,'*  as  explained  in  the  text  book. 

For  cheapness  and  simplicity,  this  instrument  has,  of  course, 
very  greatly  the  advantage  over  the  sextant  with  the  artificial 
horizon,  and  over  the  small  portable  transits  used  for  this  purpose 
by  watchmakers  and  others  ;  while  in  point  of  accuracy  it  is  equal 
or  superior  to  them.  By  an  extended  series  of  tests  made  on 
twelve  instruments  of  this  construction,  I  find  the  probable  error 
of  a  single  determination  of  time  to  be  0.8  sec,  which  could  be 
somewhat  reduced  by  employing  three  wires  instead  of  one.  The 
degree  of  accuracy  already  attained  is,  however,  sufficient  for  the 
purposes  of  those  for  whose  use  the  instrument  is  intended. 
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Tidal  Theory  op  the  Forms  of  Comets.    By  Geo.  W.  Coakley,^ 
of  New  York,  N.  Y. 

1.  It  is  proposed  in  this  paper  to  inquire,  whether  the  forms 
and  transformations  of  comets  may  not  be  explained  by  the 
roataal  gravitation  of  their  parts,  together  with  a  tidal  disturbing 
force,  due  to  the  difference  of  the  sun's  attraction  on  tlie  several 
parts  of  a  comet.  For  this  purpose  a  comet  will  be  taken  to  be  a 
mass  of  gaseous  matter,  large  enough  to  give  it  a  certain  con- 
trolling power  over  its  figure  of  equilibrium,  especially  when  far 
away  from,  the  sun.  But,  on  the  other  hand,  the  mass  will  be 
taken  to  be  so  small,  that  the  comet's  figure  of  equilibrium  is 
readily  and  largely  disturbed,  as  it  approaches  or  recedes  from 
the  sun. 

2.  The  success  of  La  Place's  Dynamical  Theory  of  the  Tides 
produced  in  the  waters  of  the  Earth,  by  the  disturbing  forces  of 
the  sun  and  moon,  depends  mainly  upon  the  smallncss  of  the 
ocean  depths.  Hence  it  will  be  found  not  very  suitable  to  the 
discussion  of  those  great  changes  of  figure  produced  throughout 
the  whole  dimensions  of  a  comet,  which  a  similar  disturbing  force 
of  the  sun  may  produce.  On  this  account  I  have  preferred  to 
apply  to  the  case  of  the  comets  what  has  been  called  the  Equilib- 
rium Theorj'  of  the  Tides. 

3.  There  exist  three  model  treatises  on  the  equilibrium  theory- 
of  the  tides,  all   included  in  the   Glasgow  edition  of  Newton's 
ftincipia,  published  in  1833.     They  are  by  Daniel  Beraoulli,  Mac- 
Xifturin,  and  Euler ;  the  first  in  French,  the  other  two  in  Latin. 
fiemoalli's  treatise  is  too  closely  restricted  to  the  special  case  of 
the  Earth's  tides  by  the  condition  that  the  changes  of  figure,  pro- 
duced by  the  disturbing  forces,  shall  always  be  small.     This  con- 
dition, with   more  or  less   stringency,  is  employed   in  all   these 
treatises.     But  the  mode  of  treating  the  subject,  and  of  dealing 
"With  the  disturbing  forces,  adopted  by  Euler,  seems  less  restricted 
to  this  condition  ;  and  therefore  more  suitable  to  the  case  of  the 
comets,  than  the  methods  employed  in  the  other  two  treatises.     I 
have  not,  therefore,  hesitated  to  make  Euler's  plan,  in  a  measure 
tt  least,  my  model  in  treating  the  disturbing  force  of  the  sun,  or 
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its  tidal  action   in   i)roducing  and  changing  a  comet's  figure  of 
equilibrium. 

1  liave,  however,  varied  somewhat  the  mode  of  resolving  the 
sun's  disturbing  force,  and  perhaps  the  whole  subject  will  be 
found  to  be  treated  in  a  more  strictly  analytical  manner  than  that 
adopted  by  Euler. 

I  have  not,  however,  been  able  to  carry  the  anal3'sis  to  its  last 
degree  of  completeness,  partly  on  account  of  the  law  of  a  comet's 
density  being  unknown  ;  and  also  from  the  fact  that  the  equations 
of  equilibrium  depend  upon  the  comet's  form,  while  the  varying 
form  depends  again  upon  the  forces  expressed  by  these  equations. 

La  Place  notices  this  difficulty  in  the  problem  of  the  Earth's 
figure  of  equilibrium,  and  is  only  able  to  deal  with  it  successfully 
by  the  condition,  that  the  Earth's  figure  never  departs  widely  from 
that  of  a  sphere.  But  in  the  case  of  the  comets,  there  is  generally 
a  wide  departure  of  their  figure  of  equilibrium  from  that  of  a 
sphere,  or  from  any  given  figure  at  a  given  time,  in  consequence 
of  their  great  change  of  distance  from  the  sun,  and  hence  of  a 
great  change  of  his  disturbing  force.  This  fact,  of  the  large  and 
ever-varying  tidal  disturbing  force  of  the  sun  on  a  comet's  figure 
of  equilibrium,  makes  the  complete  analysis  perhaps  the  most 
difficult  problem  of  celestial  mechanics.  I  have,  therefore,  only 
attempted  the  solution  so  far  as  to  give  what  might  be  called 
qicaUtatlve^  in  contradistinction  to  quantitative  results,  except  in  a 
few  special  cases  where  the  formuhe  obtained  seemed  applicable 
to  at  least  an  approximate  determination  of  the  limits  of  the 
masses  of  certain  comets,  for  which  suitable  data  could  be  ob- 
tained from  observation. 

4.  In  the  accompanying  figure  on  page  ICl,  let  SK  represent 
ihe  transverse  axis  of  a  comet's  orbit,  8  the  position  of  the  sun's 
centre  ;  let  C  be  the  comet's  centre  of  gravity,  at  such  a  distance, 
7*=  SC,  from  the  sun,  in  the  first  instance,  that  the  comet  has  nearly 
or  quite  a  spherical  figure,  the  section  of  which  by  the  plane  of 
the  orbit  is  the  circle  BuBBj.  Let  the  radius  of  this  sphere  be 
CB  =  /?,  and  let  the  distance  of  a  particle  of  the  comet  at  B  from 
the  sun  be  BS  =i  Vi ;  and  let  the  radius  CB  make  the  angle  BCS  =  ^ 
with  the  straight  line  joining  the  centres  of  the  sun  and  comet, 
while  BS  makes  the  angle  BSC  =  <f  with  the  same  line. 

If  C  be  taken  as  the  origin  of  rectangular  co-ordinates  in  the 
plane  of  the  orbit,  CS  the  positive  direction  of  the  axis  of  a?,  and 
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CB3  that  of  the  axis  of  y^  then  CA,  and  A6,  the  co-ordinates  of 

Bare 

a;  =  />  cos  0,  y  =  p  sin  0^  and  we  also  evidently  have 

r  —  ac  =  ri  cos  f ,  y  =  ri  sin  ^ 

Hence  r^^  =  (r—x)^  +  y^z=zr^  +  a^  +  y^—2rx  =  r3--2r/>  coH0+p^ 

.-.  ri«=  r3  (1—2  ^  cos  <?  +  g  ).     Let  f  =  /9,  then 

ri=zr  (1—2  /9  cos  ^  +  i5S)i. 
Also  fi  sin  ^  =  />  sin  ^,  .•.  sin  ^  =  )9  sin  0  (1 — 2  ^  cos  0  +  /^)"^» 

and 

'^9=^=ra-r,:z+,'>i=(^-fi<^^<')  (1-2/5  cos  <»+/s«)-». 


^*  Let  the  nnit  of  mass  be  that  of  the  sun,  and  let  the  comet's 
™48s  be  denoted  by  fi.  Then  the  accelerative  attraction  of  the 
<^oraet  on  one  of  its  particles  B  is  /i  =  -^.  Tlie  accelerative  at- 
^aciion  of  the  sun  on  every  particle  of  the  comet,  considered  as 
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all  condensed  into  its  centre  of  gravity  at  C,  or  the  force  which 
produces  the  motion  in  the  orbit,  is  /j  =  -j.  But  the  sun's  accel- 
eration of  the  particle  at  B,  in  the  direction  of  BS,  is  ^5=  -\,  or 
fz  =  fi  (1—2  y5  cos  ^  +  ;52)-i  =  f,  (1—2  y9  cos  ^  +  /53)-i. 

6.  Let  us  resolve  the  force  ^3,  which  acts  in  the  direction  of  BS, 
into  two  rectangular  components,  one  of  them,  f^^  in  the  direction 
BD2,  parallel  to  CS,  and  the  other,  Z^,  in  the  direction  B A,  per- 
pendicular to  CS  and  to  BDj.  They  are,/4z=:^  cos  f*,  andyi=^ 
sin  <p, 

7.  If  now  we  suppose  a  force  equal  to /a,  or  to  the  force  which, 
acting  at  the  comet's  centre  of  gravity,  maintains  its  orbital  mo- 
tion, to  be  applied  to  every  particle  of  the  comet,  in  directions 
parallel  to  CS,  but  opposite  thereto,  or  in  directions  parallel  to 
CBj,  away  from  the  sun,  then  the  comet  may  be  supposed  to  be 
at  rest,  or  to  move  only  by  virtue  of  its  inertia. 

If  then  the  component,  ^i,  in  the  direction  of  BDj,  were  equal 
to  the  force  fz  applied  in  the  direction  BDj,  the  particle  of  the 
comet  at  B  would  be  undisturbed,  by  this  component,  in  its  rela- 
tion to  the  centre  of  gravity  at  C.     But  the  force  yi,  at  B,  exceeds 
the  force  fz  by  yi — fo ;  this  excess  therefore  tends  to  draw  the  parti* 
cle  at  B  away  from  C  in  the  direction  BDg.     Moreover^  the  com— 
ponent/s  tends  to  move  the  particle  at  B  in  the  direction  BA,  or" 
towards  the  line,  CS,  joining  the  centres  of  the  sun  and  comet. 

8.  Let  us  again  resolve  these  two  disturbing  forces,  namely, 
/^ — /a,  and  yi,  each  into  two  new  components,  in  the  two  directions 
BD3,  or  the  prolongation  of  CB,  and  a  perpendicular  to  BD3  at  B^ 
on  the  side  towards  CS. 

The  components  of 

fi—fo  sire,/o=:(/4— /g)  cos  0,  in  the  direction  of  BD^^ 
and  f^=z  {J\—fi)  sin  0,  perpendicular  to  BDj. 

The  components  of 

fi  ^^GfH=fr.  cos  (00°-|-^)»  ^n  the  direction  of  BD39 
aud/gz^/i  sin  (00°-f-^)?  perpendicular  to  BD3. 
Hence 

f^=:  (/a  COS  9'— /o)  cos  0=:fo  COS  0  COS  <p  (1 — 2  /5  COS  ^+/5')~"^ — /j  COS  ^ 

fi=—f.  sin  ^  sin  ^  (1  —2  /J  cos  0  -f  yS^)"^ 
fj=fo  sin  0  cos  ^  (1 — 2  /?  cos  ^  +  /3'^)~^  — fo  sin  0 
f^=zf^  sin  ^  cos  0  (1 — 2  /5  cos  ^  +  /3^)'"^ 
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9.  If  therefore  Fi  is  the  whole  disturbing  force  in  the  direction 
BDs,  and  F,  the  whole  disturbing  force  at  B  perpendicular  to  BD3, 
wchave 

Fi=/,  cos  (^+^)  (1—2  /3  cos  0+,^)"^  —ft  cos  6 

Yi=zfi  sin  (^+f )  (1—2  /5  cos  ^+/^)"^  — /j  sin  0 

But  we  readily  find  cos  (<?+f )  =  (cos  0—^)  (1—2,?  cos  <9+/S2)-^. 

and  sin  {0+^)  =  sin  ^(1—2  /?  cos  (9  +  j^)  ~i. 
Hence 

F,=/,(cos<9  — ,^)  (1  — 2/9cos^-f  i52)-i— /^cos^  ) 

Fj  =/s  sin  ^  ( 1  —  2  iS  cos  (9  +  /S^)*"^  —f^  sin  ^  S 

or,  replacing  f^  by  its  value,  -^ ,  we  have 

Fi  zz  1 1  (cos  0  —  fi)  ( 1  —  2  /?  cos  ^  +  ,^)''i  —  cos  ^ ^ 

F,z=i8in^^(l  — 2^^cos^+^5*)-^--l^ 

The  particle  at  B  is  therefore  urged  towards  the  comet's  centre 
of  gravity  at  C  by  the  force  /i  —  Fj  or  ~  — Fi ;  and  it  is  also 

nrged  tangentially  towards  CS  by  the  force  Fj. 

10.  If  0  be  made  to  take  all  values  from  0°  to  360**,  or  from  0* 
to  :t  180®,  and  the  plane  of  the  circle  at  the  same  time  be  made 
to  revolve  completely  around  BoBj,  the  particle  at  B  may  have  any 
position  whatever  on  the  surface  of  the  comet's  spherical  figure. 
Moreover,  if  p  be  made  to  vary  from  0  to  CB,  the  particle  at  B 
may  be  situated  anywhere  within  the  comet's  figure. 

11.  The  acceleration  towards  the  comet's  centre  is 

/i-Fi  =  ^,— 1  {  (cos  0—tS)  (1—2/9  cos  ^  +  /S2)-}_  cos  0  j 

Let  F'l  equal  the  value  of  this  acceleration  when  applied  to  the 
particle  of  the  comet  at  Bq,  nearest  the  sun,  which  I  shall  call  the 
comet's /ron(;  and  let  Fi"  be  its  value  at  B„  the  part  most  remote 
from  the  sun,  which  I  shall  call  the  rear  of  the  comet.  Then,  since 
cos  ^z=  1  in  the  first  case,  while  cos  0  =  — 1  in  the  second  case, 
We  have 

vf — *^ l.u\ 5^-2 1  i  —  ** 2^    _iziL  1 

F"— ^  — 15i— ri4-9^"-!— '^     23     i-hifl^  ( 

^^Fi'=p^.-^a+H+i^:+T',:+i^^+i^^+etco| 
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12.  In  both  these  positions,  at  Bq  and  at  Bi,  the  force  F,  will 
be  zero,  because  sin  ^  =  0.  But  the  gravitation  towards  the 
centre  at  C,  both  at  the  front  and  at  the  rear  of  the  comet,  will 
be  diminished  by  the  value  of  Fi  at  those  points. 

13.  Let  us  consider  next  the  pai'ticles  at  B,  and  Bg,  at  the  ex- 
tremities of  a  diameter  peri>endicular  to  CS.  In  both  these  posi- 
tions cos  ^=  0  ;  at  B^,  sin  ^=:  1,  at  B3,  sin  Oz=z  —  1.  Let  Fi'" 
and  Fi'^  be  the  accelerations  towards  the  centre  C,  arising  from 
the  combination  of  Fi  with  f^  at  Bj  and  Bg  respectively.     Then 

Fr  =  ,^ + ^  (1  +  -50"'  =  ^  +  ^  (1  +  Q-'  =  F»'\ 

At  B2  the  tangential  component  Fj  becomes 

F,"'=ij(i+,5r5-i}=-i-ji-(i-i-,5»)-M 

But  at  B3,  the  tangential  disturbing  force  is 

Hence  it  is  evident  that  at  B2  and  B3,  the  effect  of  the  distarbing 
force  Fi  is  to  increase  the  comet's  attractive  force  for  a  particle  in 
the  direction  towards  the  centre  C. 

With  regard  to  the  tangential  component,  Fj,  of  the  sun's  dis- 
turbing force,  it  should  be  observed  that  it  is  positive  when  it 
produces  rotation  from  B  towards  Bo,  or  in  the  direction  in  which 
the  hands  of  a  watch  move  over  the  dial ;  and  negative  when  it 
produces  motion  in  the  opposite  direction.  Hence,  as  F,'''  is 
negative  at  Bj,  its  effect  is  to  produce  motion  from  B,  towards  Bi. 
But  as  Fj*"^  is  positive  at  Bg,  its  effect  is  to  produce  motion  from  B, 
towards  Bi,  this  last  motion  being  positive,  while  the  former  is 
negative. 

14.  Since  the  gravity  of  the  particles  at  B©  and  B^  is  diminished 
by  the  sun*s  disturbing  force,  Fi,  and  since  the  gravity  is  increased 
at  B2  and  B3,  there  must  be  intervening  points  at  which  this  dis- 
turbing force  is  zero,  tending  neither  to  increase  nor  to  decrease 
the  natural  gravity  of  the  comet.     For  these  points  we  must  have 

(cos  0—,3)  (1  — 2,5cos^  -\- p^)^i  —  cos 0 i=z  0 

or  (1 ^)2  z=  (1  —  2  ,?  cos  ^  +  ,52)3. 

\  COB  0  ^  ^  I     •     y 

If  we  neglect  small  quantities  of  the  order  /5-,  ^5",  etc.,  we  shall 
find  cos^  ^  :=  1,  sin^  0  =  J,  tau^  ^  =1:  2,  or  tan  0  =  ^  ^2.  Hence 
(?  =  zt  (54''  44)  nearly,  or  ^  =  ±  (125°  IG')  nearly.     If,  therefore, 
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the  lines  B4B7,  and  B^B^  be  drawn  making  with  CS  these  angles  of 
db  (54^44')  and  their  supplements,  the  comet's  attraction  on  its 
8ui)erficial  pailicles  will  be  diminished  by  tlie  disturbing  force  of 
llie  sun  within  the  space  B^ByB-,  and  also  within  the  space  BqBiB-  ; 
but  the  natural  gi'avity  of  the  comet  will  be  increased  b}'  this  dis- 
turbing force  within  the  spaces  B^BjBq  and  B^B^jB-. 

15.   It  follows,  therefore,  that  the  sun's  disturbing  action  on  the 

comet's  figure  of  equilibrium,  exactly  like  that  of  his  action  in 

producing  the  tides  in  our  oceans,  is  to  elongate  the  comet  at  first 

into  an  ellipsoidal  figure  with  its  longest  axis  pointed  towards  the 

sun.    The  amount  of  this  disturbance  of  the  comet's  figure,  as 

compare<l  with  the  tidal  disturbance  produced  by  the  sun  in  our 

oceans,  it  is  evident,  will  be  inversely  as  the  comet's  mass  com- 

parecl  with  that  of  the  earth,  if  the  comet  have  the  same  spherical 

radius  at  the  earth's  distance  from  the  sun.     Or  rather,  this  would 

he  tbe  ratio,  if  the  comet's  materials  were  thus  disturbed  only  to 

the  depth  of  five  or  six  miles,  like  the  waters  of  the  earth.     But 

since  the  tidal  disturbance  of  the  comet  goes  to  its  very  centre, 

for  thousands  of  miles,  it  is  evident  that  the  effect  on  its  figure  of 

equilibrium  is  on  this  account  largely  increased. 

16.  It  is  evident  from  the  expressions  for  F'l  and  F''i  in  Art. 
11,  which  are  the  total  accelerations  towards  the  comet's  centre, 
at  its //-on <  and  rear  respectivel}',  that  the  sun's  disturbing  forces 
at  these  points  are  nearly  equal,  while  the  comet  is  very  far  from 
the  8im,  or  while  the  radius-vector,  r,  is  great.  In  this  case  the 
comet's  figure  will  depart  very  little  from  that  of  a  sphere.  But 
on  the  comet's  nearer  approach  to  the  sun,  it  is  also  evident  that, 
when  it  becomes  necessary  to  take  account  of  the  small  terms  in 

the  parentheses,  — ,  — ,,  etc.,  the  tidal  action  of  the  sun  on  the 
comet's //^w<  is  appreciably  more  than  that  on  the  rear.  The 
tendency  of  this  must  be  to  draw  more  of  the  coviet's  mass  into 
^  front  Jiemisphere,  and  to  leave  less  of  it  in  the  rear  hemisphere. 
In  other  words,  the  centre  of  gravity  must  be  thrown  forwards 
towards  the  sun.  Thus  would  be  explained  the  formation  of  a 
undeus  towards  the  comet's  front. 

17.  Since  the  eflfect  of  the  tangential  force,  Fo,  was  to  cause  a 
notation  of  the  particles,  both  at  Bg  and  at  B3,  backwards,  or 
towards  B„  and  we  found  that  this  force  vanished  at  Bq  and  at  Bi, 
^t  will  be  well  to  determine  at  what  other  points  it  vanishes,  and 
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is  therefore  likely  to  change  its  sign.     For  this  purpose  we  shall 
put 

Fj  =  1  sin^  .   hl  —  2ficoa0+fi')~'^  —  l\  =  0. 

Hence,  either  sin  ^  =:  0,  as  previously  found,  or 

(1  —  2  ^  cos  ^  +  iS')  "^  ^  —  1  =  0. 

From  which  we  have 
cos  0  =  i,S  =  it.:  B-m  0=±  (l-i^,y  =  :i={l-l^). 

Hence  it  is  evident  that  F^  will  be  zero,  not  only  at  Bo  and  Bi, 
but  at  two  points,  one  very  near  Bg,  but  towards  Bq,  the  other  very 
near  Bg,  but  also  towards  Bq.  From  those  two  points  the  force  h\ 
produces  rotation  towards  the  front,  Bq,  in  the  front  hemisphere, 
and  it  produces  rotation  towards  B^  iu  the  rear  hemisphere  from 
the  same  two  points. 

It  is  easy  to  determine,  moreover,  that  the  maonmum  effect  of 
the  tangential  force,  F,,  is  nearly  at  the  points  about  45°  from  B© 
and  Bi,  on  each  side  of  the  diameter  joining  these  points. 

18.  Soon  after  the  establishment  of  a  nucleus,  or  centre  of 
gravity  near  the  comet's  front,  it  becomes  necessary  to  change 
somewhat  the  expressions  for  F'j  and  F"i  in  Art.  11.  For  now 
the  p  is  no  longer  the  same  for  the  front  and  rear,  if  we  count  its 
value,  as  we  should,  from  the  centre  of  gravity^  or  nucleus.  Hence 
I  shall  in  future  denote  the  p  for  the  front,  at  Bq,  by  />o,  and  that 
for  the  rear,  at  Bj  by  />i.  Hence  the  two  new  values  of  F/  and 
Fi"  are,  putting  them  in  parentheses  for  distinction, 

'^•'^=p':'-v."  1  '+5  •  7+ J  (jY+i  (7)'+?  ('7)'+ J  (vo'+e^- } 

As  po  is  less  than  />,  while  pi  is  greater  than  the  same,  it 
follows  that  the  controlling  power  of  the  comet's  mass  on  the 
front,  which  is  expressed  by  -^,  is  increased,  while  the  effect  of 

Po 

the  sun's  disturbing  power,  which  is  expressed  by  the  remainder 
of  the  value  of  F'l,  its  principal  term  being  -^,  is  diminished. 
The  comet  therefore  gairis  control  over  its  particles  at  the  fronts  by 
the  change  of  the  centre  of  gravity.  The  exact  reverse  is  the 
fact  with  regard  to  the  particles  at  the  rear.  For  in  (F,")  the 
increase  of  />]  has  diminished  ~-^  and  it  has  increased  the  prin- 
cipal term  of  the  sun's  disturbing  power,  *'^.    Hence,  if  the 
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comet's  mass  is  small,  and  pi  becomes  large  enough,  it  may  happen, 
not  long  after  the  change  of  the  centre  of  gravity,  or  the  forma- 
tion of  the  nucleus,  that  -^  may  exceed  -^.     In  that  case,  the 
comet  will  cease  to  control  its  particles  at  the  rear,  and  they  will 
break  away  from  its  figura  of  equilibrium,  or  be  left  behind  to 
revolve  about  tlie  sun  as  independent  particles.     This  appears  to 
be  the  explanation  of  the  formation  of  a  comet's  tail  or  train,  the 
particles  of  which  seem  to  follow  the  comet  in  its  approach  to 
perihelion,  without  forming  a  closed,  well-defined  figure  of  equi- 
librium. 
19.  Here  let  us  note  an  important  conclusion. 
If  we  could  observe  the  moment  when  this  rupture  of  the 
comet's  figure  of  equilibrium  takes  plaee,  or  the  first  formation  of 
a  tail  or  train,  and  measure  at  that  moment  the  value  of  /Oi,  we 
should  thereby  have  a  good  approximation  to  the  comet's  mass. 
For  just  before  the  rupture  we  ought  to  have 

and  at  the  moment  of  rupture  we  ought  to  have  very  nearly 

Hence  just  before  the  rupture  we  ought  to  have 

.>2  (^y  .  ll-|-^  +  ^  (9'-i-  C7)'  +  etc.{ 
and  at  the  moment  of  rupture  very  nearly 
;.=  2(^)'-  )l-|.^  +  etc.t 

We  thus  have,  in  the  one  case,  a  close  limit,  and  in  the  other  a 
near  value  of  the  comet's  mass.  It  is  therefore  of  the  greatest 
importance  to  measure,  when  possible,  the  extreme  distances  from 
a  comet's  nucleus  to  the  limits  of  its  well-defined  figure  of  equi- 
librium, and  to  obtain  that  measure  as  nearly  as  possible  at  the 
time  when  that  equilibrium  is  broken  up. 

20.  With  the  rapid  decrease  of  r,  as  the  comet  approaches 
perihelion,  having  a  small  mass,  limited  in  amount,  if  not  actually 
decreasing,  by  the  waste  of  the  detached  matter  forming  the  train, 
it  follows  that  the  term  ^  in    (Fi')    must  be  rapidly  growing 

towards  equality  with  the  term  -  \- ;  and  the  former  term  may  at 
^t  soipass  the  latter.  This  cfi'ect,  taking  place  gradually,  not 
oolj  at  the  immediate  front,  B^,  but  at  some  distance  on  either 
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side  of  it,  and  in  like  manner  at  considerable  depths  towards 
nucleus,  would  go  far  towards  explaining  the  formation  of 
successive  envelopes  observed  by  Mr.  George  P.  Bond,  and  o 
observers,  in  Donati*s  comet. 

Before  the  separation  of  such  an  envelope,  and  at  all  ti 
while  the  figure  of  equilibrium  is  maintained  at  the  front, 
value  of  />o  should  be  such  that 

^>2^.  |l  +  |.^  +  l(^)'  +  etc.( 

and  hence  jt.>2  (^)'  •  }  1  + 1  •  ^  + A  (^)'  +  etc.  j 

But  when  the  envelope  is  about  to  separate,  we  should  have 
nearly 

/.  =  2(^)'.  jl+l.^  +  l(^)'  +  etc.{ 

21.  To  apply  these  formulae  to  the  determination  of  the  i 
of  Donati's  comet,  I  take  from  Mr.  Greorge  P.  Bond's  acconi 
this  comet,  in  the  Annals  of  the  Ol;>servatory  of  Harvard  Col 
for  1858,  the  following  observations  of  the  Normal  distance 
the  Apex  of  Envelope  A  ft*om  the  Nucleus,  reduced  to  the  un 
distance  from  the  Earth,  at  7^  mean  solar  time,  Observatoi 
Harvard  College. 

ENVELOPE   A,  NORMAL   DISTANCE  OF  APEX  FROM  NUCLEUS. 

Sept.  20,  16.2" 

"  21,  19.1" 

"  22,  22.2" 

*'  23,  25.7" 

"  24,  29.1" 

"  25,  32.7" 

"  26,  35.8" 

"  27,  38.0" 

"  28,  39.7" 

"  29,  40.1" 

«  30,  40.9" 

Mr.  Bond  also  determined  the  rate  at  which  this  Envelof 
receded  from  the  nucleus  to  be  2.94"  per  day.  He  also  gi\ 
series  of  measurements  from  the  nucleus  to  the  vertex  of 
comet's  head  nearest  to  the  sun,  or  to  what  I  have  called 
comet's  front.  These  measurements  are  given  in  the  follow 
form: — 
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Taking  the  nucleas  as  an  origin  of  rectangular  co-ordinates,  the 

axis  of  the  comet's  figure  being  that  of  abscissas,  positive  towards 

the  tail,  negative  towards  the  head  or  front,  Mr.  Bond  locates  any 

point  on  the  curve  of  the  comet's  figure  by  the  co-ordinates  (a,  b). 

For  the  vertex  of  the  head,  6  ==  0,  and  on  Sept.  2nd  a=z  —  1.5' ; 

on   Oct.  5th,  a  =z  —  1.0',  6  =  0,  these, values  being  reduced  to 

distance  unity.     One  of  these  series  of  measurements,  that  on 

Oct   2nd,  is  printed  a  =  -j-1.7',  which  I  take  to  be  an  evident 

mistake  as  to  the  algebraic  sign.     Rejecting  it,  however,  and  using 

the  other  eleven  values  which  I  have  taken  from  Mr.  Bond's  data, 

I  find  the  average  value  of  a  =  —  1.164',  or  in  seconds  of  arc,  and 

changing  the  algebraic  sign  for  my  purpose,  a  =  69.84".     But  on 

^pt.  30th,  Envelope  A  was  40.9"  from  the  nucleus,  according  to 

Mr.  Bond.     Hence  it  had  28.94"  yet  to  travel  in  order  to  reach  the 

Vertex  of  the  comet's  head,  or  its  front.    At  the  rate  of  2.94"  per 

^^y,  determined  by  Mr.  Bond,  Envelope  A  would  therefore  reach 

^he  point  whei*e  it  would  begin  to  separate  from  the  comet's  front 

^  about  ten  days,  or  ten  days  after  the  perihelion  passage. 

I  Lave  computed  the  value  of  the  comet's  radius-vector  at  this 
^*^e,  Oct.  10th,  from  Mr.  George  Searle's  Elements  of  the  Orbit, 
^^'en  in  Dr.  Gould's  Astronomical  Journal.    These  elements  are  : — 

T  =  1858  Sept.  29**. 75230,  Washington  Mean  Time. 
r  =  36°  12'  21.4" 
Q  =  165^  18'  46.2" 
i=  116^57'  46.1" 
^  =  85^  21' 21.2" 
log.  9=9.7622362 
log.  o  =  2.245944 
Period  =  2338  yeara. 

"^   find,  from  Mr.  Searle's  Elements,  the  logarithm  of  the  comet's 
!?^  i us- vector,  ten  days  after  perihelion  passage,  to  be  log.  r  =: 
1- V^2684,   and   from    Mr.    Bond's   value   of    a  =  69.84",   1   find 
'•  p^=z  log.  sin  a  =  4.529679. 

^lence  log.  2  (-)*  =  10.512015  =  log.  /x  nearly. 

l^ence  fi  =  0.0000000003251 

^2.  In  order  to  have  a  better  standard  with  which  to  compare 
*^^h  small  masses  as  those  of  the  comets,  I  have  computed  very 
^^^^foUy  the  value  of  the  mass  of  the   Earth's   atmosphere   in 


lo 
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terms  of  the  sun's  mass  as  the  unit.     Denoting  the  mass  of  the 
Earth's  atmosphere  by  A,  in  terms  of  the  sun's  mass,  1  find 

log.  A  =  T2".3974508. 

Hence  log.  ^  =z  2.114564,  or  ^  =  130.186. 

Hence  the  mass  of  Donati's  comet,  the  great  comet  of  1858, 
was  about  one  liundred  and  thirty  times  as  great  as  the  mass  of  the 
Earth's  atmosphere. 

23.  A  limit  to  this  mass  may  also  be  obtained  simply  from  the 
measurement  of  />o  at  any  time,  by  means  of  the  approximate 
formula  ^i>  2  (^)*- 

Thus  on  Sept.  30th,  very  nearly  the  date  of  the  perihelion 
passage,  Mr.  Bond  gives  the  two  measurements  a  =  — 1.4',  6  =  0, 
and  a  =z  — 0.8',  6  =  0,  the  former  made  at  Liverpool,  the  latter  at 
Poulkova.  The  mean  of  these  measurements,  changing  the  alge- 
braic sign,  is  1.1'  or  66"  for  the  angular  value  of  Pq.  Taking  Mr. 
Searle's  q  for  r  we  have 

log.  ^0  =  log.  sin  66"  =  4^5051188 

log.  r=    1.7622362 


2  — 
A  — 

4.7428826 
3 

log. 

10.2286478 
0.3010300 

og. 

10.5296778 
12.3974508 

2.1322270 
Hence  ^-  >  135.6 

That  is,  the  mass  of  Donati's  comet,  by  this  computation,  was 
more  than  one  hundred  and  thirty-five  times  as  great  as  the  mass 
of  the   Earth's   atmosphere.     Although   this   limit  is   somewhat 
greater  than  the  former  result,  yet  it  is  perhaps  sufficiently  near 
to  give  confidence  in  the  general  method. 

24.  I  shall  next  apply  the  formula  for  the  limit  to  the  first 
comet  of  1770,  or  the  famous  comet  of  Lexell,  which  passed  very 
close  to  the  planet  Jupiter,  and  for  which  La  Place  assigned  the 
limit  /Ji  <^  -i,aV(7  of  the  Earth's  mass.  This  limit  is  equivalent  to 
^  <  225.6. 

I  shall  employ  the  elements  of  Lexell's  comet  computed  by 
Lcverrier,  as  given  in  Cooper's  "  Cometic  Orbits."  They  are  as 
follows :  — 
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Elements  of  Lexell's  comet  by  Leverrier. 

T  =  1770,  Aug.  13^54085,  Greenwich  Mean  Time  of  Per.  Pass, 
r  HZ  356°  1 G'  51''  Longitude  of  Perihelion. 
a  =1 ISV  58'  56"         *'  "  Ascending  Node, 

i  =     V  34'  28"  Inclination  to  the  Ecliptic, 
log.  9  zzi  9.8289491,  log.  of  perihelion  distance. 
€  =  0.786119,  Eccentricity. 
Motion  Direct. 

The  comet  was  discovered  by  Messier,  June  14,  1770.  "lie 
stated,"  says  Mr.  Cooper,  "that  on  the  night  of  his  discovery, 
the  comet  showed  a  very  feeble  nebulosity,  occupying  little 
space;  the  centre  was  brilliant,  but  it  was  difficult  to  decide 
whether  the  object  was  a  nebula  or  a  comet.  He  could  observe 
no  relative  change  of  its  place  in  comparing  it  with  fixed  stars 
during  two  hours.  On  the  night  of  17th — 18th  June,  the  diameter 
of  the  nucleus  =  0'  22"  ;  that  of  the  nebulosity  =  5'  23"."  "  On 
the  29th— 30th,  the  former  1'  22",  the  latter  54',  without  any  sign 
of  tail." 

From  the  rapid  increase  of  these  angles,  as  the  comet  approached 
the  Earth,  I  judge  that  they  have  not  been  reduced  to  the  unit  of 
distance.  Hence  it  is  necessary  to  compute  the  Earth's  distance 
from  the  comet  at  the  date  of  the  observation  on  June  17th — 18th, 
in  order  to  find  ^o  or  />|  or  p. 

From  Leverrier's  elements  of  Lexell's  comet,  I  have  found  for 
June  17^54085,  Gr.  M.  Time,  log.  rz=  0.0731141,  andj^or  D,  the 
comet's  distance  from  the  Earth  at  that  date,  log.  D  =  1.2380469. 
Hence /)  =  D  sin  (2' 41-5'). 

.\\og.p=z   4.1317933 
log.  r=    0.0731141 

log.f  =   4.0586792 
3 

12.1760376 
log.  2  =   0.3010300 

12.4770676 

log.  A  =  12.3974508 
0.0796168 

Hence  |.>  1.2012. 
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The  mass  of  Lexell's  comet  is  therefore  greater  than  tliat  of  flie 
Earth's  atmosphere,  but  appears  to  be  far  within  the  superior  limit 
assigned  by  La  Place. 

25.  I  shall  next  apply  the  formula  for  the  limit  to  Encke's 
comet. 

The  comet  of  1795,  discovered  by  Miss  Caroline  Ilerschel,  was 
subsequently  recognized  as  Encke's  comet.  It  was  discovered  on 
Nov.  7,  1795,  and  the  discoverer  observed  that  the  diameter  on 
that  evening  was  "about  5'."  "It  had  no  nucleus,  and  had  the 
appearance  of  an  ill-defined  haziness,  which  was  rather  strongest 
about  the  middle."  I  quote  from  the  Notes  of  Cooper's  "Cometic 
Orbits."  On  Nov.  21st,  Olbers  observed  the  comet,  and  found  its 
diameter  to  be  "  about  8'."  I  shall  therefore  take  the  mean  of 
these  determinations,  or  4',  for  the  diameter  on  Nov.  14,  1795. 

Olbers  states  that  the  comet  was  "round,  badly-defined,  and 
without  a  distinct  nucleus." 

The  Elements  of  this  comet,  for  1795,  were  subsequently  com- 
puted by  Encke,  and  are  given  by  Cooper,  as  follows :  — 

Perihelion  Passage  1795,  December  21^44098,  Gr.  M.  T. 

r=156Ml'24" 

Q  z=  334°  39'  26" 

i  =  13°  42'  30" 
log.  q  z=  r.5243046 

e  =  0.8488828 
Motion  direct. 

From  these  elements  and  the  Earth's  place  in  her  orbit,  I  have 
found  for  Nov.  14,  1795, 

log.  2  (^)*  1=12.9643042 

log.  A  =22^3974508 

0.5668534 
Hence  4  >  3.6886 

A. 

Encke's  comet  has  therefore  more  than  three  times  the  mass  of 
the  Earth's  atmosphere. 

26.  I  shall  next  apply  the  formula  for  the  mass  to  Ualley's 
comet. 

Arago  sa3's  that  on  January  25,  1836,  Sir  J.  Ilerschel  made  two 
measurements  of  the  head  of  Ualley's  comet,  as  follows :  — 

Diameter  of  the  head  in  the  direction  of  right-ascension,  229.4" 
'  "    "      "       "     "  "        "  declination,         237^" 
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Two  hoars  after,  the  measurements  were  respectively  196. 7"  in  R.  A. 

and  2/>2.0"  *'   Dec. 

Whether  these  measurements  were  reclnced  to  the  unit  of  distance, 

or  not,  is  not  stated.     I  shall  therefore  compute  the  limit  of  the 

'nass,  first  on  the  supposition  that  they  have  not  been  so  reduced, 

and  again  by  supposing  that  the}'  have  been  reduced  to  the  unit. 

1  shall  take  the  mean  of  the  first  two  measurements,  or  233.4'' 
'or  the  apparent  diameter,  which  differs  only  about  4J-"  from  the 
'iJoa.ii  of  the  four. 

I*^i-om  Cooper's  "  Cometic  Orbits,"  the  elements  of  Halley's 
hornet  ai-e  taken,  at  its  perihelion  passage  in  1835,  being  the  second 
set  of  elements  computed  by  II.  AVcstphalen.  The  inclination, 
however,  has  been  changed  to  its  supplement,  because  the  motion 
13  i"^otrograde,  in  order  to  use  Gauss's  general  formulae. 
I^liese  elements  are  as  follows  :  — 

Ha.liey's  comet,  perihelion  passage  Nov.  15^93927, 1835,  Gr.  M.  T. 

r  =  304°3r34'' 

£*=    55°    9' 59'' 

1=162°  14' 55' 
^^S-  7=      9. 7683261 

e=      0.96736929 

^^rom  these  elements,  and  the  Earth's  position  at  the  date,  1836, 
•^s^-Huarj'  25^.5,  1  have  found  log.  2  (-^)^=ri. 933 1398 

log.  A  =  f2.3974508 

1.5356890 
Xlence  ^>  34.331 

^ f,  therefore,  llerschcrs  observations  were  not  reduced  to  the 
^'^^itof  distance,  Halley's  comet  had  a  mass  more  than  thirty-four 
kilties  as  great  as  that  of  the  Earth's  atmosphere. 

But  if,  as  is  probable,  Ilerschel  reduced  his  measurements  to 
"lo  unit  of  distance,  then  I  find  that  Ilallcy's  comet  had  a  mass 
■^naewhat  •  more  than  forty-five  times  that  of  the  Earth's  atmos- 
phere; or  5>  45.098. 

Itegarding  a  comet  as  comparatively  a  small  mass  of  gaseous 
^^Uer,  which  largely  changes  its  distance  from  the  sun,  the  pre- 
^^»ftg  analysis  shows  that  the  sun  exercises  a  great  and  con- 
•tantly  varying  influence  over  the  comet's  figure  of  equilibrium, 
^long  as  any  complctelj'  closed  figure  of  the  comet  is  maintained. 
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the  attraction  due  to  its  mass  must  be  superior  to  the  sun's  dis- 
turbing power.  But  at  the  moment  when  a  rupture  of  the  figure 
takes  place  in  any  direction,  the  sun's  disturbing  force  must  then 
and  there  be  equal  or  superior  to  the  attraction  towards  the  comet's 
centre  of  gravity. 

On  these  principles  it  seems  easy  to  account  for  the  forms  of 
comets,  their  transformations,  and  even  for  their  disruptions,  as 
in  the  case  of  Biela's  comet.  Their  divisions  and  subdivisions 
into  swarms  of  small  comets,  or  meteoric  gaseous  matter,  scattered 
along  the  track  of  the  original  orbit,  are  also  simple  consequences 
of  the  same  analysis. 


The  Red  Spot  on  Jupiter:  Observations  upon  its  phtsicai^ 
character;  its  magnitude  and  the  determination  of  ths 
Rotation  Period  of  the  Planet.  By  H.  S.  Pritchett,  ot 
Morrison  Observatory,  Glasgow,  Mo. 

The  great  red  spot  on  Jupiter  which  has  attracted  such  wide- 
spread attention  from  astronomers  for  two  years  past  was  first 
observed  at  the  Morrison  Observatory  in  July,  1878.    During  1879, 
the  spot  was  observed  on  about  seventy  diflferent  nights  and  many 
observations  were  made  of  transits  across  the  central  meridian  as 
well  as  careful  observations  of  its  physical  appearance  and  sur- 
roundings.    The  observations  were  continued  until  Feb.  7,  1890. 
Observations  were  resumed  again  early  in  May  and  are  being  con- 
tinued at  the  present  time. 

The  observations  have  been  all  made  by  Prof.  C.  W.  Pritchett 
with  the  12  J  inch  Equatorial  of  this  Observatory  and  all  with  the 
same  power,  a  positive  eyepiece  magnifying  about  280  times.  In 
what  follows  I  shall  attempt  to  give  simply  a  rc3um6  of  what  has 
been  done,  together  witli  the  approximate  results  arrived  at  in  a 
preliminary  discussion  of  the  observations.  The  rough  sketches 
which  are  given  are  intended  to  give  a  correct  idea  of  certain  phases 
of  the  spot  and  its  environment  without  special  regard  to  finish,  or 
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the  special  detail  of  the  planet's  disk.  They  represent  in  each  case 
the  inverted  image  as  seen  in  the  telescope. 

In  1878  the  spot  was  seen  only  once,  July  9,  at  which  time  a  draw- 
ing was  made  and  the  spot  was  described  briefly  as  being  a  ''  rose- 
tinted  elliptical  cloud."     Although  sought  for  the  next  night  and 
on  succeeding  nights,  when  it  should  have  been  seen  near  the  center 
of  the  disk,  nothing  more  was  seen  of  it  during  this  opposition. 
^or  the  failure  to  see  the  spot  during  the  latter  part  of  1878  I  am 
a>t  a.  loss  to  account. 

The  general  appearance  of  the  spot  and  the  physical  phenomena  [ 
of  the  surrounding  surface  may  be  best  indicated  perhaps  by  thei 
following  extracts  from  the  observing  books  during  1870  and  1880. 
1879,  July  2. — Spot  observed  last  year  again  seen  for  the  first 
time.  The  major  axis  is  about  one-fourth  longer  than  last  year 
ancl  the  minor  shorter.  Color  a  bright  pink  and  tinge  deeper  than 
that  of  the  belts. 

1879,  Aug.  8. — At  11. 5**  Gl.m.t.,  as  for  several  days  past,  all  the 
cloud  masses  called  belts  seem  collected  south  of  the  equator  ex- 
cept the  broad  and  distinct  northern  equatorial  belt.     The  surface 
•ontbof  the  equator  is  dense  with  clouds  except  in  the  vicinity  of 
^he  spot.     Here  the  belt  masses  seem  not  to  approach. 

1^79,  Aug.  24. — Seeing  very  fine.  For  the  first  time  fine  red 
streaks  were  noticed  extending  out  a  short  distance  from  the  ends  of 
^«  spot. 

1879,  Sept.  6. — A  white  spot,  which  was  first  observed  on  Sept. 
*>  is  again  seen,  but  much  farther  to  the  preceding  side,  showing  a 
Motion  either  of  this  or  of  the  red  spot. 

1879,  Sept.  13. — Spot  and  belts  are  nearly  of  the  same  color 
v*^rig||t  pink).  The  spot  is  alwa3's  pink  while  the  belts  take  all 
'itiesfrom  white  to  ashy,  gray,  brown  and  red. 

^^79,  Sept.  20. — The  appearance  of  Jupiter  to-night  was  magnifi- 
^^iit.  The  northern  equatorial  belt  is  much  redder  than  the  south- 
***^  which  is  almost  blue.  Between  the  two  main  belts  is  an 
^'^gular  mottled  space  interspersed  with  numerous  white  patches. 
^'^^  white  spot  just  north  of  the  preceding  end  of  the  red  spot  at 
''^eof  transit.    Two  small  dark  cloudlets,  one  a  little  precedinsi:, 

th  '  I  07 

^^  Other  following,  the  west  end  of  the  red  spot.  Far  north  of  the 
^Qatorial  belt  are  two  very  sharp  dark  lines  curving  as  parallel 

*^le8.  It  is  worthy  of  note  that  the  red  si)ot  does  not  seem  to 
^^ge  its  position  relative  to  the  dark  cloudlets  above  it,  while  in 
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reference  to  the  white  spots  situated  between  the  equatorial  belts 
it  changes  rapidl}'. 

1879,  Sept.  30  and  Oct.  5. — The  same  dark  spots  are  observed 
and  keep  the  same  relative  position  with  respect  to  the  red  spot. 

1879,  Nov.  6. — A  very  fine  needle-like  streak  extends  from  the 
following  end  of  the  spot.  Definition  fine.  The  environment  of  the 
spot  is  about  the  same  as  for  many  weeks. 

1879,  Nov.  25. — The  dark  gray  masses  before  mentioned  are  still 
seen  in  the  same  positions. 

1880,  Jan.  U.— At  G^  42*"  Gl.m.t.  the  shadow  of  Sat.  Ill  was 
near  the  center  of  the  spot  as  shown  in  the  drawing.  The  shadow 
on  the  spot  appears  black  as  on  the  surface  of  the  planet.  Some- 
times there  appeared  to  be  a  slight  penumbra  around  the  black 
shadow,  but  there  were  thin  clouds  which  gradually  increased  and 
at  7**  14"*  the  observations  were  entirely  interrupted  by  clouds. 

At  times,  during  breaks  in  the  clouds,  the  spot  and  the  black 
shadow  in  it  and  the  belts  were  quite  distinct ;  but  it  was  impos- 
sible on  account  of  clouds  to  observe  the  egress  of  the  shadow 
from  the  spot. 

1880,  Feb.  1. — The  spot  was  obsei*ved  in  full  daylight.  Both 
the  belts  and  spot  seem  very  distinct. 

The  spot  was  again  observed  for  the  last  time  on  Feb.  7.  Obser- 
vations were  commenced  again  on  May  11,  1880. 

On  May  23,  the  seeing  was  good  and  a  very  good  observation 
was  obtained.  In  appearance  the  spot  has  changed  but  little  from 
last  year.  It  is  decidedly  farther  north  than  when  first  seen  in 
1878.  The  preceding  end  slightly  more  acute  than  the  following 
and  the  needle-like  projection  still  exists. 

1880,  July  10. — There  seems  a  remarkable  absence  of  belts  ia 
both  northern  and  southern  hemispheres.  The  surface  seems 
more  luminous  than  usual.  One  large  white  spot  exists  in  the 
equatorial  belt  directly  north  of  the  preceding  end  of  the  spot. 
There  is  a  trough-like  appearance  between  the  belts  reaching  to 
the  eastern  limb. 

1880,  July  29. — Images  very  good.  The  belts  are  very  brown, 
the  northern  much  broader  and  darker,  the  interval  between  being 
much  diversified  by  white  patches  almost  continuous.  A  number 
of  fine  dark  lines  on  the  northern  hemisphere. 

These  notes  from  the  observing  books  seem  to  show  that  from 
July  1878  to  July  1879  the  spot  became  somewhat  longer  and  iiar> 
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rower  and  mo  veil  farther  north  and  nearer  the  equatorial  belts. 
Since  1879,  it  has  changed  its  form  and  size  but  little,  preserving 
the  same  outline  and  color  and  showing  the  same  minute  projections 
from  the  ends.  It  has  kept  uniformly  throughout  the  observations 
*  deep  pink  color  bordering  on  red. 

The  luminous  border  spoken  of  so  frequently  by  the  English  ob- 
servers was  noted  only  once  or  twice  by  one  of  the  observers  in  1879, 
*JJd  nothing  whatever  is  seen  of  it  in  1880.  Even  on  the  occasions 
'''^en  it  was  suspected  to  exist,  it  was  described  as  being  but  little 
"'■'ghter  than  the  ordinary  bright  disk  of  the  planet,  and  I  am 
•trongly  inclined  to  the  belief  that  the  appearance  of  the  luminous 
"Order  is  due  chiefly  to  the  effect  of  contrast  between  the  bright 
surface  of  the  planet  and  the  spot  and  adjacent  belts. 

Transits  of  the  shadows  of  satellites  across  the  spot  have  been 
obserx'ed  under  favorable  conditions  on  four  different  occasions. 
Tile  shadow  in  every  case  appeared  black  just  as  it  is  seen  on  the 
planet's  disk  with  a  slight  suspicion  at  times  of  a  penumbra. 

The  great  relative  motion  of  the  white  spots  with  respect  to  the 
'^^  spot  was  often  noted.  In  two  of  the  sketches  presented,  those 
^^  July  10  and  July  13,  1880,  the  motion  of  one  of  these  spots  in 
^ree  days  is  very  clearly  shown.  The  fixity  of  the  dark  gray 
^"■^^s^ses  with  respect  to  the  red  spot  was  also  noted. 

The  persistence  of  this  spot  in  size,  color,  position  and  general 
^tline  for  so  long  a  time,  suggests  very  strongly  that  it  is  more 
^n  a  displacement  of  the  upper  Jovian  atmosphere  and  that  its 
^'ise  is  analogous  to  the  great  solar  upheavals  which  produce  the 
••fgcr  and  more  permanent  sunspots.  Only  a  local  cause  opera- 
^g  from  beneath  the  surface  of  Jupiter  would  seem  to  be  able  to 
1*^006  a  phenomenon  so  uniform  and  long  continued.  This  phe- 
^^enon  may  give  additional  weight  to  the  theory  which  regards 
^**pitcr  and  the  outer  planets  as  secondary  suns.  The  small  change 
^^  the  size  of  the  8ix)t  is  shown  in  the  following  measures  (Table  I, 
P-  178)  made  with  a  filar  micrometer  during  1879  and  1880.  The 
'"JCasures  are  all  reduced  to  the  epoch  of  the  first  observations  on 
^^ly  10,  1879,  and  were  made  when  the  spot  was  at  the  center  of 
^  disk. 

The  small  difiTerences  in  the  measures  on  different  dates  are 
P*^bably  accidental.  The  mean  of  the  values  of  the  two  axes 
»  13.60"  and  3.98".  Using  Newcomb's  value  of  the  Solar  Par- 
Wlax,  these  apparent  chords  correspond  respectively  to  distances 
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of  26400  and  7700  miles.  So  that  if  Mr.  Proctor  should  be  com 
in  his  liypothesis  that  this  phenomenon  is  caused  by  the  breaki 
away  of  the  upper  cloud  masses  of  the  Jovian  atmosphere,  exp 
ing  the  heated  surface  beneath,  the  rent  thus  made  is  large  enoc 
to  receive  three  globes  of  the  size  of  our  earth  placed  side  by  si 


TABLE    I. 


Date. 

1879. 

Major 
Axis. 

Minor 
AXIS. 

Date. 

1880. 

MA.roR 
AXIS. 

MIXOR 

AXIS. 

July    10 

12.26" 

3.9G" 

July    10 

13.38" 

#f 

27 

13.55 

13 

14.19 

Aug.    18 

12.73 

24 

13.24 

Sept.     4 

14.72 

29 

13.35 

Nov.    23 

14.40 

Aug.   12 

13.47 

4.00 

Dec.    12 

14.35 

Mean. 

13.C8 

3.90 

13  ..W 

4.00 

About  ninety  observations  of  transits  of  this  spot  across 
central   meridian   have  been    made  at   this  Observator3'.     Th 
observations  were  commenced  July  10,  1879,  and  are  now  be 
continued. 

The  observations  were  made  in  the  following  manner.  ^ 
movable  thread  of  the  micrometer  was  set  perpendicular  to  i 
bisecting  the  apparent  equatorial  diameter  using  the  Ephemerii 
Mr.  Marth.  The  transit  of  the  preceding  end  was  then  not 
The  transit  of  the  center  was  obtained  by  placing  one  of  the  wi 
of  the  micrometer  on  each  end  of  the  spot  and  noting  the  time  wl 
the  segments  cut  off  on  each  side  became  equal.  The  transit 
the  following  end  was  noted  in  the  same  manner  as  that  of 
preceding  end.  The  mean  of  the  times  noted  for  the  transits 
the  tw  o  eiuls  rarely  differed  from  that  noted  for  the  transit  of 
center  1)V  more  than  one  or  two  minutes. 

From  twenty  of  the  observations  of  highest  weight,  commenc 
Jnly  10,   1.S79,  and  continuing  nntil   Feb.  5,  1880,  including  . 
rotations  of  the  planet,  I  have  computed  the  rotation  ])eriod.     ' 
observations  after  being  corrected  for  the  aberration  time  an(\ 
relative  motion  of  the  earth  and  Jupiter  furnished  twenty  e^ 
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tions  of  condition,  from  which  there  resulted  for  the  Rotation  Time 
9^  55™  34.2'  db  0.7%  expressed  in  mean  time. 

This  value  needs  j-et  a  small  correction  dependent  on  the  lati- 
tude of  the  spot  and  also  one  dependent  on  the  phase  of  the  planet ; 
but  suice  tlic  observations  used  are  almost  equally  distributed  on 
each  side  of  opposition,  this  will  be  but  small.     The  observations 
used,  as  well  as  the  other  observations  made  between  these  dates 
are  published  in  the  Monthly  Notices  for  May,  1880. 

^W"hen  the  observations  are  completed  we  hope  to  make  a  com- 
plete discussion  of  them.  The  value  of  the  Rotation  Time  here 
given  has  been  arrived  at  by  assuming  that  the  spot  had  no  proper 
niotion,and  is  offered,  of  course,  not  with  any  Idea  of  furnishing  an 
absolute  value  of  the  Rotation  Time,  but  for  comparison  with  other 
Values.  The  apparent  motion  of  the  spot  with  respect  to  the  white 
®lK>ts  and  its  fixity  with  respect  to  the  dark  gray  masses  have  been 
spoken  of  before. 

^ut  the  question  of  the  real  motion  of  the  spot  is  yet  to  be  BeU 
^lod  by  observations.  The  discrepancy  between  the  rotation  time 
here  given  and  the  commonly  accepted  value  has  been  pointed  out 
^  tioanyof  the  astronomical  journals.  In  Table  II  (p.  180)  are 
^Hectedall  the  determinations  of  the  Rotation  Time  which  I  have 
been  able  to  find,  together  with  dates,  observer,  length  of  duration 
^^  spot,  color,  approximate  Jovicentric  latitude  and  other  notes 
^^^cerning  the  character  of  the  spot  observed. 

-A.  glance  at  this  table  shows  that  the  clear,  bright  spots  situated 
^*tliin  the  equatorial  belts  and  usually  of  short  duration  give  a 
«^iort  Rotation  Period  from  9^  50"*  to  9*^  SS"*,  while  the  dark  iso- 
lated spots  farther  away  from  the  equatorial  region  give  a  period 
^^^'ing  from  about  9^  55™  to  9''  56'" ;  so  that  tlie  white  spots 
''^Vean  apparent  motion  with  respect  to  the  colored  in  the  direc- 
^^  of  the  rotation.  That  the  law  of  these  motions  may  be 
"^t^rmined  by  careful  continued  observation  seems  probable. 

In  this  connection  there  is  one  curious  mistake  which  occurs  in 

"^'iuy  of  the  semi-popular  works  on  Astronomy  which  may  be  noted. 

'^«  Rotation  Period  of  Jupiter  derived  by  Sir  George  Airy  which 

^*  perhaps  more  often  quoted  than  any  other  is  given  by  Klein, 

^'^mmarion  and  others  as  d^  65"*  24.2".     This  value  needs  yet  a 

^frection  on  account  of  the  change  in  the  light  equation  during 

^^^  period  of  observation  ;  and  the  corrected  definitive  value  9''  55™ 

^1.3' is  given  by  Airy  himself  later  on  in  his  Memoir  in  Vol.  IX, 
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Mem.    R.  A.  S.      In  some  way   the  uncorrected  value  has  been 
copied  into  many  of  the  text-books. 

All  observers  of  Jupiter  of  late  years  are  greatly  indebted  to 
Mr.  Marth  of  England  for  his  excellent  ephemerides  published  in 
the  Monthly  Notices  R.  A.  S. 

TA.B1L.E     II. 


Date. 

Observer. 

ArrROXIMATE 

Position. 

Color,  Duration,  etc. 

Rotatiok 
Time. 

Authcxk. 

1665 

Cassiui. 

Touching  £q.  belts. 

9 

56 

• 

Klammarioxa , 
etc. 

1678 

it 

i« 

9 

55 

51 

K 

1677 

(« 

9 

55 

60 

M 

1680 

t( 

Centre  of  £q.  belts. 

9 

51 

II 

1603 

(( 

(C             («      II              II 

Bright  spot. 

9 

50 

Flammarioa* 

1773 

Sylvabelle. 

Black  spot. 

9 

56 

Flammariooy  J 
etc. 

1778 

W.  Ilerscbel. 

Equatorial  zone. 

Dark  spot. 

9 
9 

54 

55 

63 
40 

M                     * 

1779 

(1 

Equatorial. 

Clear  spot. 

9 

51 

45 

«                ^* 

1779 

« 

u 

K               14 

9 

50 

48 

U                  ^ 

178^-80 
1786 

Schroeter. 

1 

Gray  baud— observed  00 
days. 

6 
9 

66 
66 

66 
17 

M 

1786 

it 

Dark  spot. 

9 

56 

68 

M 

1786 
1834-3.'^ 

ii 
Beer  A  MaUlcr. 

5*  N.  Jovic.  Lat. 

Dark  spot. 

Two  dark  spots,  lasted 
several  months. 

9 

9 

56 
56 

88 

36  J» 

M 

Ast.Nadi.y»l 

1851 

Schmidt. 

In  South  streaks. 

Large  dark  isolated  spot  | 
followed  for  121  rotations  ) 

9 

56 

46.4 

"       "     Xo- 

1862 

(1 

30  N.  Lat. 

Dark  spots. 

9 

55 

38.7 

Ast.  Nach.  Ka' 

1863 

Schmidt. 

In  Soath  streaks. 

Clear  spot. 

9 

SS 

83 

«             M            M 

1866 

tc 

In  North  Belts. 

Bound  white  spot. 

9 

65 

43.4 

C«            M            U 

1866 

« 

«      <i         II 

II                  II            u 

9 

56 

49.3 

II            M             IC 

1834 

Airy. 

In  North  Belts. 

Black  well  defined  spot. 

7 

56 

81.3 

Meiii.RJL.8.V 

1873 

Lord  Ross. 

Break  in  S.  side  Eq.  Bells. 

0 

64 

55 

FlammarioB. 

1873-76 

FhimmarioD. 

Irregularities  in  Belts  at 
Eq. 

9 

64 

80 

Le«Terretd0 

1873-7G 

i< 

Spots  at  35'  Lat. 

9 

65 

45 

l<               U         l< 

1872-73 

Lohse. 

Clear  spots  near  Eq. 

9 
9 

61 
63 

1879 

Pratt. 

22'  S.  Lat, 

Great  Red  Spot. 

9 

65 

SS.9 

Mon.Xot 

1879 

Trouvelot. 

II         ii       ti 

9 

66 

38.6 

ObtomloiT* 

1870-80 

Pritrliett. 

II        *<i       It 

9 

56 

34.3 
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Friction  of  Lubricating   Oils.     By  C.  J.  II.  Woodburt,  of 
Boston,  Mass. 

The  resistance  existing  between  bodies  of  fixed  matter,  moving 
witli  diflferent  velocities  or  directions,  presents  itself  in  the  form  of 
a  passive  force  which  results  in  the  diminution  or  the  destruction 
of  apparent  motion.  Modern  science  has  demonstrated  that  this 
destruction  is  only  apparent,  being  merely  the  conversion  of  the 
force  of  the  moving  body  into  the  oscillation  of  the  resisting  oh- 
stacle  or  into  that  molecular  vibration  which  is  recognized  as  heat. 
Direct  friction  refers  to  the  case  where  the  two  bodies  are  in 
actual  contact,  and  mediate  friction  where  a  film  of  lubricant  is  inter- 
posed between  the  surfaces  ;  and  it  is  this  which  applies  to  nearly 
every  motion  in  mechanics  where  bodies  slide  upon  each  other. 
The  coefficient  of  friction  is  the  relation  which  the  pressure  upon 
moving  surfaces  bears  to  resistance.  I  have  devoted  some  time  to 
the  examination  of  this  subject,  in  the  interests  of  the  Mill  Mutual 
Insurance  Companies  of  New  England.  In  this  report  of  my 
work  upon  the  measurement  of  friction  of  lubricating  oils,  I  shall 
restrict  myself  to  a  description  of  the  apparatus  designed  especially 
for  the  purpose,  the  method  of  its  use,  and  the  results  obtained 
with  a  number  of  oils  in  our  market  which  are  used  for  lubricating 
spindles.  Previous  investigation  of  nine  different  oil  testing 
machines  used  showed  that  none  of  them  could  vield  consistent 
duplicate  results  in  furnishing  the  coefficient  of  friction.  The 
operation  of  these  machines,  by  their  failure  to  obtain  correct  data, 
adduced  certain  negative  evidence  which  established  positive  con- 
ditions as  indispensable  in  the  construction  of  a  machine  capable 
of  measuring  the  friction  of  oils.  The  following  circumstances 
must  be  known  or  preserved  constant, — temperature,  velocit}',  pres- 
sure, area  of  the  frictional  surfaces,  thickness  of  the  film  of  oil 
between  the  surfaces,  and  the  mechanical  effect  of  the  friction. 
In  addition  to  the  foregoing  conditions,  the  radiation  of  the  heat 
generated  by  friction  must  be  reduced  to  a  minimum,  and  the  ar- 
rangement of  the  frictional  surfaces  must  be  of  such  nature  th^tno 
oil  can  escape  until  subjected  to  attrition.  To  measure  the  frie-- 
tional  resistance  at  the  instant  of  a  given  temperature,  and  at  a  tiin^ 
when  both  temperature  and  friction  are  varying,  requires  a  dyna-^ 
mometer  which  is  instantaneous  and  automatic  in  its  action. 

The  apparatus  consists  of  an  iron  frame  supporting  an  upright; 
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shaft  snrmoanteil  by  an  annular  disk  made  of  hardened  tool  steel. 
Upon  the  steel  disk  rests  one  of  hard  bronze  (composed  of  the 
following  alloy, — copper  32  parts,  lead  2  parts,  tin  2  parts,  zinc  1 
part)  in  the  form  of  a  cylindrical  box.  Water  is  fed  in  atone  side 
and  a  diaphragm  extending  nearly  across  the  interior  produces  a 
oniform  circulation  before  discharge.  Although  this  use  of  water 
is  original  with  the  writer  in  the  method  of  its  application,  the 
first  use  of  water  to  control  the  temperature  of  the  bearing  sur- 
faces of  oil  testing  machines  is  due  to  Monsieur  6.  Adolphus 
Him  an<l  described  by  him  in  a  paper  on  the  subject  of  friction, 
read  before  the  Society  Industrielle  de  Mulhouse,  June  28,  1854. 
M.  Hirn,  however,  confined  his  attention  chiefly  to  the  determina^ 
lion  of  the  mechanical  equivalent  of  heat,  as  measured  by  the 
amount  of  heat  imparted  to  the  circulating  water,  expressed  in  the 
work  of  friction.  His  investigations  of  lubrication  with  this  ap- 
paratus were  confined  to  the  friction  of  lard  and  olive  oils,  at  the 
light  pressure  of  about  one  and  four-tenths  pounds  to  the  square 
inch.  Mr.  Chas.  N.  Waite  of  Manchester,  N.  H.,  has  independ- 
ently, and  I  believe  originally,  made  use  of  water  in  a  friction 
machine,  and  has  performed  good  work  in  the  limit  of  his  ex[)eri- 
aents. 

A  protection  of  wool  batting  and  flannel,  to  guard  the  disks 
against  loss  of  heat  by  radiation,  diminishes  the  escape  of  heat  to 
abont  two  degrees  per  hour,  which  loss  is  not  appreciable  when  ob- 
servations are  taken  within  a  few  seconds'  interval.  A  thin  cop- 
per tube  closed  at  the  lower  end,  reaching  through  the  cover, 
extends  to  the  bottom  of  the  disk  ;  the  bulb  of  a  thermometer  is 
inserted  in  this  tube  and  measures  the  temperature  of  the  disks, 
an  oil  tube  runs  to  the  centre  of  the  disk,  and  a  glass  tube  at  the 
upper  end  indicates  the  supply  and  its  rate  of  consumption  and 
tlsoser^'es  to  maintain  a  uniform  head  of  oil  fed  to  the  bearing 
surfaces.  The  rubbing  surfaces  of  both  disks  were  made  to  coincide 
with  the  standard  surface  plates,  in  the  physical  laboratory  of  the 
Institute  of  Technology,  and  their  contact  with  each  other  is  con- 
sidered perfect. 

After  this  surface  was  flnished,  the  bronze  disk  was  treated  with 
bichloride  of  platinum  which  deposited  a  thin  fllm  of  platinum  upon 
the  surface.  Upon  the  application  of  the  disks  to  each  other  the 
steel  disk  rubbecl  off  the  platinum  from  all  parts  of  the  surface, 
showing  the  perfection  of  contact.     This  nicety  of  construction 
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enables  a  film  of  oil  of  uniform  thickness  to  exist  between  the  snr 
faces,  and  the  resistances  are  not  vitiated  by  the  collision  of  pro 
jecting  portions  of  the  disk  with  each  other.  The  ix>unded  end  o 
the  upper  shaft  fits  into  a  corresponding  depression  in  the  top  o 
the  upper  disk.  This  method  of  connection  retains  the  disk  ove 
the  proper  centre,  yet  it  is  allowed  to  sway  enough  to  correct  an^ 
irregularity  of  motion  caused  by  imperfection  of  construction  o 
wear  of  the  lower  disk.  To  obtain  the  desired  condition  of  pres 
sure,  weights  are  placed  directly  upon  the  upper  spindle.  Th' 
axes  of  the  upper  and  lower  spindles  do  not  lie  in  the  same  straigh 
line,  but  are  parallel,  being  about  one-eighth  of  an  inch  out  of  lin 
with  each  other ;  such  construction,  giving  a  discoid  motion,  pre 
vents  the  disk  from  wearing  in  rings  and  assists  in  the  unifori 
distribution  of  the  oil.  An  arm  is  keyed  through  the  lower  pai 
of  the  upper  spindle  and  engages  with  projections  upon  the  uppe 
disk.  Upon  this  arm  which  is  turned  to  the  arc  of  a  circle,  whos 
development  is  two  and  one-half  feet,  a  thin  brass  wire  is  wrappe< 
upon  this  arc  and  reaches  to  the  dynamometer  so  that  the  tensio: 
of  the  dynamometer  is  tangential  and  the  leverage  is  constant  fo 
all  positions  of  the  upper  disk  within  its  range  of  motion.  Th 
dynamometer  consists  of  a  simple  bar  of  spring  steel  fastened  a 
one  end,  and  bent  by  the  pull  applied  at  the  other.  Its  deflectioi 
is  indicated  by  a  pointer  u[)on  a  circular  dial,  the  motion  of  th< 
spring  being  multiplied  about  eighty  times  by  a  segment  and  piit 
ion.     The  whole  is  enclosed  in  a  steam-gauge  case. 

When  completed,  the  machine  was  subjected  to  a  long  series  oi 
tests  with  the  same  oil  to  determine  the  accuracy  of  the  results, 
and  the  best  method  of  procuring  them.  The  operation  of  Um 
machine  under  equal  conditions  with  the  same  oil  gives  resalU 
which  are  as  closely  consistent  with  each  other  as  could  be  expectec 
from  such  ph3*sical  measurements.  As  an  example,  four  tests  o 
the  Downer  Oil  Co.  Light  Spindle  (Sample  No.  7)  at  100**  Fah 
and  on  different  days  gave  .1145,  .1094,  .1118,  .1094  ;  mean,  .1118 
Another  example  (Sample  No.  14)  Heavy  Spindle  Oil,  made  by  th< 
same  firm,  yielded  for  a  coeflScient  of  friction  as  the  result  of  fiv< 
different  trials  .1246,  .1195,  .1297,  .1201,  .1221;  mean,  .1283 
Much  of  the  irregularity,  slight  as  it  is,  is  due  to  the  variable  8pee< 
of  the  engine.  Concurrent  results  were  obtained  under  eqaa 
circumstances,  but  the  coefficient  of  friction  varied,  not  mereb 
with  the  lubricants  used,  but  also  with  the  temperature,  pressure 
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tad  v«locitj'.  The  results  or  my  own  experiments  0:1  mediate 
friction  do  uut  agree  trilh  llie  laws  of  friction  as  gi^cn  in  works  on 
mechanics,  but  the  coefficient  of  friction  varies  in  nu  iuverse  ratio 
witb  tbe  pressure  as  sLown  graphically  on  diagram  C. 


8      8 


,r? 

iit^ 

::== 

;::== 

^ 

sjy- 

'<- 

I  X 

y 

^ 

/ 

y 

/ 

I/' 

/ 

A 

S 

/ 

/ 

C 

1 

1 

The  variation  of  friction  with  the  temperature  is  shown  graphi- 
**lly  on  all  Hhccts  reporting  tlie  friction  of  cacli  sample  of  oil. 
Tliwe  curves  belong  to  tlie  liyperbolic  class  of  a  high  degree  ;  but 
I  We  not  been  able  to  deduce  an  equation  wliicL  will  answer  to 
"*  conditions  of  more  tban  one,  because  tlie  law  of  the  curves  is 
Dodilled  by  a  coostant  dependent  upon  tbe  iudiviilual  sample  of 
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oil  used.    A  little  diffei-ence  in  the  Bsmple  would  cause  a  diffiut 
in  the  line  of  curve. 

Refereuce  la  made  to  diagram  D  sliowiug  the  coefficient  of  fHc 
under  equal  ranges  of  temperature  and  velocity,  but  witli  n  di 
eut  series  of  presBurea. 

Curves  showing  Clianges  of  CoefRcient  of  Friction 
under  Varjiing  Conditions. 
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Coelllc'ient  of  friction  at  100°  and  500  revolutions  per  mii 

Preiauro  |i<r  eq.  Inch.  Ca«neltnt  of  M 

1  twuud  .3818 

2  "  .2666 

3  "  .2171 

1  "  .1849 

5  "  .1743 

The  ratio  of  tlic  clianging  ooeCQcient  varies  with  the  tempera 
at  which  the  range  of  results  is  taken. 
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Friction  varies  with  the  area,  because  the  adhesiveness  of  the 
lubricant  is  proiK>rtional  to  tiie  area,  and  the  resistance  due  to  this 
cause  is  a  larger  fraction  of  the  total  mechanical  effect  with  light, 
than  it  is  with  heav^'  pressures. 

Xlie  limit  of  pressure  permitting  free  lubrication  varies  with  the 
conditions  ;  for  constant  pressures  and  slow  motion  it  is  believed 
to  be  about  five  hundred  pounds  per  square  inch,  while  for  inter- 
J^ittent  pressures,  like  the  wrist  pin  of  a  locomotive,  the  pressure 
ftniounts  to  3000  pounds  per  square  inch.  It  has  been  stated  that 
«-bout  4000  foot  pounds  of  frictional  resistance  per  square  inch  is 
the  mnximura  limit  of  safe  friction  under  ordinary  circumstances. 

As  the  results  of  this  preliminary  work  indicated  that  the  coeffi- 
^*ent  of  friction  varied  with  all  the  circumstances,  it  was  necessary 
^  simulate  the  conditions  of  specific  practical  applications  to 
determine  the  value  of  a  lubricant  for  such  purposes. 

it  Was  decided  to  begin  these  investigations  with  spindle  oils, 
*ncl  therefore  the  machine  was  loaded  with  five  pounds  to  the  square 
^'ich  and  run  at  about  five  hundred  revolutions  per  minute  ;  as  the 
^'*  is  then  submitted  to  conditions  of  attrition  corresponding  to 
^hose  met  with  in  extremes  of  velocity  and  pressure,  in  the  case  of 
^  Sawyer  spindle  running  at  7C00  revolutions  per  minute  with  a 
"^nd  tension  of  four  pounds,  and  the  results  subsequently  given 
^^cfer  only  to  the  friction  under  these  conditions,  except  when  defi- 
^^^^ly  stated  to  the  contrary. 

^Uis  particular  spindle  was  selected  because,  of  the  five  million 

^^S  spindles  in  the  United  States,  about  one  and  a  half  million 

""e  of  ijiis  manufacture,  and  in  a  large  number  of  the  remainder, 
th  '  o  ' 

"^  Conditions  of  lubrication  are  quite  similar. 

3*he  apparatus  is  used  in  the  following  manner  to  measure  the 

y^Qlcient  of  friction  of  oil.      After  cleaning  with  gasoline  and 

'Pitig  carefully  with  wash  leather,  the  disks  are  oiled  and  run  for 

/^•^t  five  hours,  being  kept  cool  by  a  stream  of  water  circulating 

""^tagh  the  upper  disk.     From  time  to  time  they  are  taken  apart, 

^^^cil,  and  oiled  again.     After  using  any  oil,  even  if  the  disks 

^^   afterwards  cleaned,  the  results  with  the  oil  subsequently  used 

^y^   the  characteristics  of  the  previous  oil,  and  it  is  only  after 

•   ^^ty-five   to  forty-five  miles  of  attrition   that  these  results  be- 

^r^^me  consistent  with  each  other  ;  each  succeeding  result,  mean- 

^^^,  approaching  the  final  series.    This  seems  to  indicate  that  the 

^tion  exists  at  the  surface  of  the  two  disks  between  the  film  of 
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oil  acting  as  a  washer  and  the  globules  of  oil  partially  embedded 
within  the  [X)res  of  the  metal.  If  the  dense  bronze  and  steel  re- 
tain the  oil  despite  attempts  to  remove  it,  how  much  longer  must 
it  require  to  replace  tiie  oil  in  machinery  with  a  uew  variety  whose 
merits  are  to  be  tested.  These  ex^^eriments  confirm  the  wisdom 
of  the  increasing  use  of  cast  iron  for  Journals,  as  its  porositj 
enables  it  to  contain  and  distribute  the  lubricant. 

When  the  disks  are  ready  to  test  the  oil,  the  apparatus  is  cooled 
by  the  circulation  of  water ;  the  flow  of  which  is  stoppeil  when  the 
machine  is  started.  At  every  degree  of  temperature,  the  corres- 
ponding resistance  is  read  on  the  dynamometer.  When  the  ther- 
mometer indicates  a  temperature  of  sixty  degrees,  the  counter  is 
thrown  in  gear,  and  the  time  noted.  Wlien  one  hundred  and  thirty 
degrees  is  reached,  the  coimter  is  thrown  out  of  gear,  and  the 
time  noted.  Tiiis  not  only  gives  the  velocity  of  the  rubbing  sni^ 
faces,  but  the  number  of  revolutions  required  to  raise  tlie  tempera- 
ture a  stated  number  of  degrees,  and  is  a  close  criterion  of  the  oil. 
The  coefficient  of  friction  is  the  ratio  of  the  pressure  to  the  resist- 
ance, and  is  deduced  in  the  following  manner. 

P  =  Weiglit  on  disks. 

II  =  Outer  radius  of  frictional  contact. 

V=:  Inner       "      "  ''  " 

N  =:  Number  of  revolutions  per  minute. 

W=:  Reading  on  dynamometer. 

<P  =  Coefficient  of  friction. 
In  the  friction  of  annular  disks,  the  portions  of  the  surfaces 
near  the  perimeter  have  a  greater  leverage  than  those  near  the 
centre.   The  mean  sum  of  these  moments  is  found  by  the  calculus. 

Let  /«  =  radius  of  any  infinitesimal  narrow  ring  or  band. 
Width  of  band         d/>  (1) 

Length  "      "  2'p  (2) 

Area       "      "  2-//d/>  (3) 

Moment"      "  2'f,'^([p  (4) 

The  expression  for  the  area  of  an  annular  disk  = ;:  (R^  —  r®)  (5) 
To  express  the  moment  of  a  ring  in  terms  of  an  annular  suiface 
we  divide  (4)  by  (5),  which  gives 

Moment  in  terms  of  disk  =  Jt^/_V«)^^R^ra'  (^) 

Moment  of  whole  disk 


U«  —  ra 


J"/^^  ^i  r  (7) 

Integrating  of  whole  disk  ^,1^,  [^]J?  (8) 
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Substituting  the  limits  j^j^,  51=^  (9) 

The  work  of  friction  =  v*  F  (10) 

Stotical  moment  of  friction  of  disk  ^l^^^i"^!^^  (11) 

Mechanical  effect  =  *J^^!;^>  (12) 

Foot  lbs.  at  any  velocity  i^^^f^^I^-  (13) 

As  previously  stated,  the  dynamometer  exerts  a  pull  at  the  end  of 
a  lever  whose  development  is  2^  ft. 
Resistance  of  dynamometer  =  ^  (14) 

''  "  "         in  a.  lbs.  at  any  velocity  =  "^      (15) 

As  the  total  friction  =  the  resistance  of  the  dynamometer 
Eq(13)  =  Eq  (15) 

8ryPN  (R3  — r3)=zl5WN(U3  — »^)  (17) 

8rfP(R3_r3)z=15W(R3— r3)  (18) 

f= Bi-=7?)  (1^) 

Separating  the  constants 

R=. 2213  feet. 
r  =  .1211  feet. 

R3=  .01083  R2  =  .0489 

r3  =.00177  r^zr.OUG 

R3-",J  =  .00906  log  7.9571282  R2— 7-3=  .0343  log  8.5352491 
-_.31416    "    0.4971499  15  log  1.1760913 

8  "    0.9030900  9.7113404 

9.35736«1 9.3573681 

2  259  =  0.3539723 
f=:?^  (21) 

This  equation  was  8olve<l  for  each  reading  of  the  dynamometer 
with  five  pounds  to  the  square  inch  pressure  and  the  results  tabu- 
lated in  a  convenient  form  for  computing  the  coefficient  of  friction 
from  tlic  observed  results. 

The  following  table  shows  the  resistance  of  friction  at  100°  500 
evolutions,  for  various  pressures. 

Resistance  of  Friction  at  100** 

Pressure.  Reaistanco  on  Dynnmometer.  Equivalent  band  tension. 

1  lb.  2.62  lb.  0.8 

2  ''  8.68  "  1.6 
8  '*                          4.48  "                                 2.4 

4  "  5.28  ''  3.2 

5  "  5.98  "  4.0 
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For  further  detailed  results,  reference  is  made  to  diagram  B. 
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These  results  seem  to  be  iutimatel^-  relevant  to  the  most  desirable 
limit  of  tension  to  the  spindle  band  and  methods  of  operating 
cotton  spinning  maehiner}*.  By  weighing  the  band  tension  in  varioiu 
mills  it  was  found  that  the  practice  of  tying  bands  lacked  unifor 
mity.  As  an  example  of  tliis  variation  :  in  one  mill  the  bands  ol 
a  single  coarse  frame  are  reported  to  vary  from  1  to  16  lbs. 
In  another  mill  on  liner  work,  a  number  of  spindles  had  a  range 
of  from  j-  to  2j-  lbs.  and  in  a  third  mill  the  band  tension  was  be- 
tween the  limits  of  J  to  5  lbs.  The  effect  of  atmospheric  changes 
upon  the  fibre  of  textile  bands  renders  it  Impossible,  with  the 
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present  method  of  constructing  frames,  to  keep  them  at  a  uniform 
tension,  but  this  variation  can  be  reduced  by  a  little  care.   Is  it  not 
■worth  while  for  each  spinner  to  learn  the  proper  band  tension  re- 
quired for  his  special  work,  and  then  keep  within  those  limits? 
Tbc  whole  power  required  to  run  the  frame  would  not  vary  in 
direct  proportion  to  the  varying  resistance  due  to  the  friction  of 
spindles  at  various  pressures,  because  the  resistance  of  the  friction 
in  other  part«  of  the  frame  connected  with  the  spindles,  the  actual 
spinuing  of  cotton  fibres,  and  the  alternate  contraction  and  expan- 
sion of  the  bands,  are  conditions  which  are  more  nearly  constant 
•nd.  in  no  case  do  they  vary  in  proportion  with  the  friction  of  the 
•pindle;  yet  the  variation  is  large,  as  shown  by  the  following  ex- 
P^f  iment  made  with  the  frame  : 

^Ir.  Geo.  Draper,  in  a  communication  to  the  Industrial  Eecord 

^^  June  1,  1879,  gives  the  following  valuable  data  on  this  subject. 

-A  frame  of  Sawyer  spindles  was  taken  spinning  No.  80  3'arn, 

^*^inary  twist,  the  front  rolls  running  ninety-five  revolutions  per 

^^^tiute.     The  rings  If  in.  diam.  and  the  traverse  of  the  yarn  on 

*^^  bobbin  5^  in.     The  dynamometer  was  applied  and  the  power 

Quired  to  drive  the  spindles  with  a  side  pull  of  the  bands,  averag- 

S  2  lbs.  to  a  spindle,  was  ascertained.     The  bands  were  then  cut 

and  a  new  set  put  on  with  a  side  pull  of  3  lbs.  per  spindle  and 

^e  frame  tested  again,  all  things  remaining  as  before.   The  opera^ 

^^n  was  then  repeated  at  4,  5,  6,  7,  8,  and  9  lbs.  side  pull  per 

Wndle  with  the  result  shown  in  the  following  table." 

Calling  the  amount  of  power  required  to  drive  the  spinning  frame 

ith:— 


it^ 


^  lbs.  tension  on  the  bands  100 

^  117 

131 
144 
159 
177 
197 
considerably  more  than  double. 

The  results  are  shown  graphically  in  chart  E  (p.  192). 

The  lubricant  used  is  one  of  the  most  important  factors  in  the 
cost  of  power.  In  the  present  condition  of  engineering  science, 
it  is  impossible  to  state  what  exact  proportion  of  the  power  used 
by  a  mill  is  lost  in  sliding  friction,  but  in  a  print  cloth  mill  only 
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Power  required  to  run  a  Spinning  Frame  in  full  Operatic 
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abont  25  per  cent,  of  the  power  is  utilized  in  the  actual  processes 

of  carding,  spinning,  and  weaving  the   fibre,  not  inchiding  the 

machinery   engaged  in   the  operation,   leaving  75   per  cent,   of 

the  power  as  absorbed  by  the  rigidity  of  belts,  the  resistance  of 

the  air  and  friction.  The  coefficient  of  friction,  under  tlie  conditions 

submitted  by  my  oil  tester  varies  at  100°  600  revolutions,  from  7.56 

l>erccnt.  in  the  case  of  3*2°  Ex.  machiner}'  oil  maniifactui'ed  by  the 

Downer  Oil  Co.,  to  24.27  per  cent,  in  the  case  of  neatsfoot  oil ; 

and  the  result  of  this  investigation  confirms  me  in  the  opinion 

tliatthe  successful  operation  of  a  spinning  frame  is  far  more  close- 

h'  deiHjndent  upon  the  individual  management  in  respect  to  the 

comlitions  of  band  tension,  lubrication,  and  temperature  of  tiie 

spinning  room,  than  all  other  causes  combined.     Not  that  some 

fornas  of  spindle  are  not  superior  to  others,  but  that,  without  wise 

supervision,  the  most  desirable  forms  of  spindle  must  fail  to  show 

the  merits  due  to  the  skill  of  their  promoters.     It  may  be  state<l 

"*a.t  within  a  close  approximation  the  lubricating  qualities  of  an 

^^l  ore  inversely  proportional  to  its  viscosit}* ;  that  is,  the  friction 

deoTeases  with  the  cohesion  of  the  globules  of  the  oil,  for  each 

oth^r.     The  endurance  of  a  lubricant  is  in  some  degree  propor- 

*'^Tjal  to  its  adhesion  to  the  surfaces  forming  the  journal.     An 

*^^«l  lubricant  in  these  respects  would  be  a  fluid  whose  molecules 

"^cl  a  minimum  cohesion  for  each  other,  and  a  maximum  adhesion 

^"^^^   metallic  surfaces.      The  viscous  oils  will  also  adhere  more 

•^^"ongly  to  metals,  and  hence  under  the  conditions  of  heavy  bear- 

''^Ssit  is  obligatory  to  use  such  thick  lubricants,  knowing  that  the 

^^^ploymcnt  of  an  oil  with  great  frictional  resistance  is  infinite!}' 

I^^^ferable  to  the  attempt  to  use  an  oil  so  limpid  that  it  could  not 

^^  retained  between  the  bearings.     AVith  light  pressures  the  more 

^^^  id  oils  are  admissible,  and  in  all  cases  the  oils  should  bo  as  limpid 

^^  the  circumstances  will  permit.     Oils  with  great  endurance  are 

^Dtto  give  great  frictional  resistance,  and  in  the  endeavor  to  save 

^^Uohs  of  oil,  many  a  manager  has  wasted  tons  of  coal.     The  true 

^lution  of  solving  the  problem  of  lubricating  the  machinery  oi' 

^n  establishment  is  to  ascertain  the  consumption  of  oil,  and  the 

^Xi)euditure  of  power,  both  being  measured  by  the  same  unit,  viz., 

dollars. 

The  fluidity  of  the  oils  was  measured  by  the  following  apparatus. 
A  pipette  was  placed  within  a  glass  water-jacket  where  the  tem- 
perature was  controlled  and  kept  constant  by  circulation  from  a 
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reservoir  kept  at  the  desired  temperature.  The  capacity  of  the 
bulb  is  28  cubic  centimetres  aud  the  orifice  measures  three  and  a 
half  inches  long  and  .039  of  an  inch  in  diameter. 

The  oil  was  drawn  into  the  bulb  of  the  pipette,  and  after  tbe 
whole  was  brought  to  the  desired  temperature,  the  time  required 
for  its  discharge  accurately  noted  by  a  stop  watch. 

These  observations  were  made  on  each  of  the  oils  for  a  series  of 
temperatures  varying  from  60°  to  150°  Fah. 

If  the  fluidity  of  an  oil  is  the  measure  of  its  lubricating  qualities, 
these  observations  would  not  be  identical  with  the  frictional  results, 
because  the  pressure  in  this  case  was  that  due  to  a  bead  of  about 
^\e  inches  of  oil,  or  about  one-sixth  of  a  pound  to  the  square  inch 
and  rubbing  against  a  glass  surface ;  while  with  the  frictional 
machine  the  pressure  was  five  pounds  to  the  square  inch  and  the 
surfaces  bronze  and  steel. 

In  both  cases,  however,  the  character  of  the  surfaces  and  the 
pressures  were  uniform  conditions  and  therefore,  they  would  not 
affect  the  relations  of  either  set  of  experiments  in  their  consistency 
with  each  other.     If  the  lubrication  and  fluidity  of  oils  followed 
the  same  law  of  variation  with  the  temperature,  the  results  of  one 
would  be  directly  proportional  to  those  in  the  other,  provided  that 
all  other  conditions  were  preserved  constant.     Such  comparisons 
showed  that  the  relations  of  the  fluidity  to  the  lubricating  qualities 
did  not  follow  any  uniform  ratio.    At  a  low  range  of  temperatures, 
the  fluidity  increased  faster  than  the  lubricating  quality  of  the  oil ; 
between  about  70°  and  110°  the  coincidence  was  quite  close;  aW 
higher  temperatures,  the  fluidity  does  not  increase  so  fast  as  th^ 
lubrication.     There  was  not  a  very  close  correspondence  between* 
the  fluidity  of  oils  at  the  same  coefficient  of  friction. 

The  result  of  these  investigations  upon  the  relation  of  fluidity 
to  lubrication  seems  to  indicate  that  fluidity  is  a  concomitant  rathec* 
than  a  cause  of  the  anti-frictional  qualities  of  a  lubricant. 

In  the  case  of  mining  drills  operated  by  condensed  air,  an  in'- 
tense  cold  is  produced  at  the  liberation  of  air,  and  on  some  sucIb 
bearings,  kerosene  oil  is  the  only  lubricant  which  can  be  use<l.    X 
think  it  extremely  probable,  that  at  these  low  temperatures,  the 
viscosity  of  kerosene  oil  is  equal  to  that  of  lubricating  oils  at  the 
average  temper.iturc  of  bearings  in  general  use.  On  the  other  hand, 
only  the  most  viscous  oils  can  be  used  in  such  extremely  high  tem- 
peratures as  the  cylinder  and  steam  chest  of  steam  engines. 
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According  to  the  results  which  I  have  obtained,  the  coefficient 
of  friction  at  50®  is  about  75  per  cent,  in  excess  of  that  at  75°,  and 
it  seems  to  me  that  the  manager  of  every  mill,  which  is  run  by 
steam,  ought  to  consider  the  question  of  the  temperature  of  the 
mill  in  early  morning  during  the  winter  months,  whether,  as  a 
matter  of  economy,  it  is  cheaper  to  warm  a  mill  by  increased  friction 
on  Alonday  morning,  or  to  keep  the  mill  and  machinery'  warm  dur- 
ing the  interval  from  the  preceding  week. 

The  humidity  of  the  atmosphere  is  an  important  factor  in  the 
Baechanical  operation  of  textile  machinery,  as  well  as  in  the  fabri- 
cation of  cotton.  A  year  ago  I  submitted,  to  the  New  England 
^tton  Manufacturers'  Association,  measurements  showing  the 
^fleets  of  humidity  on  textile  bands,  and  I  am  also  of  the  opinion 
that  there  is  a  difference  of  friction  in  machinery  due  to  atmos- 
pheric influences  upon  the  lubricant. 

Possibly  the  moistui*e  condensed  upon  the  cold  metal  from  the 
•tniosphere  becomes  commingled  with  the  oil  and  thereby  reduces 
*^  viscosity,  diminishing  the  friction. 

Xhe  question  of  endurance  of  oils  has  not  been  given  in  these 
^periments,  because  the  consumption  of  oil  varies  with  the  tem- 
perature, and  it  is  proposed  to  investigate  the  matter  subsequently 
^y  tunning  the  machine  and  controlling  the  temperature  of  the 
^'^ksto  100*  by  the  circulation  of  water.  The  amount  of  oil  con- 
■'^'Oed  could  be  very  easily  measured  by  the  difference  in  the  level 
^  the  glass  feeding  tube  or  the  weight  of  the  oil  required  to  pre- 
■^i^c  it  at  that  level  during  the  experiment. 

In  the  detailed  results  the  friction  is  given  for  the  whole  range 
^^  temperatures,  but  in  the  following  summary  100°  has  been 
•^l^ted  as  the  temperature  which  most  nearly  corresponds  to  the 
*^^of  spindle  bearings. 

"Xo  ascertain  these  temperatures,  holes  were  drilled  in  the  rails 
^*  a  spinning  frame,  passing  as  near  the  bolsters  and  steps  as  pos- 
■tV>lej  the  bulbs  of  thermometers  were  inserted  in  these  holes, 
**^<1  while  the  frame  was  in  operation  2586  readings  were  taken 
^'^ering  a  period  of  four  weeks.  The  temperature  of  the  air  was 
^^^tedfrom  a  thermometer  placed  in  the  middle  of  the  frame. 

The  mean  temperature  of  the  bolsters  was  8.10®  Fah.,  and  of 
*^«  steps  6.74®  Fah.  above  the  temperature  of  the  room. 

Other  experiments  were  made,  to  learn  the  temperature  of  the 
^^gs  of  the  shafting.     Holes  about  half  an  inch  in  diameter 
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were  bored  in  the  upper  cap  of  such  journals ;  and  a  thin  copper 
tube,  closed  at  the  lower  end,  inserted  and  extended  nearly  to  the 
shaft.  Tliis  tube  contained  water  and  the  temperature  was  meas- 
ured by  a  thermometer  placed  therein.  There  were  journals  id 
good  running  order  whose  temperature  at  the  frictional  surfaces 
was  140°  Fah.  This  method  of  using  thermometers  was  first  sug- 
gested by  Mr.  Edward  Atkinson,  and  I  consider  it  the  mosi 
accurate  test  of  the  anti-frictional  qualities  of  a  lubricant  at  the 
service  of  those  in  charge  of  machinery. 

Great  pains  have  been  taken  to  procure  pure  samples  of  the  oih 
experimented  with,  and  they  were  obtained  directly  from  thi 
manufacturers  ;  and  to  the  courtesy  of  Mr.  Thos  Bennett,  jr.,  I  an 
indebted  for  a  large  number  of  samples  of  sperm  oils  which  wen 
procured  by  him  directly  from  the  whale-ships  or  refiners. 

The  following  table  gives  the  coefficient  of  friction  at  100®  Fah 
and  500  revolutions,  with  a  pressure  of  five  pounds  to  the  squan 
inch :  — 

No.  of 
sample. 

1. 

28. 
10. 
14. 
10. 

i. 
20. 

8. 

*<  • 
11. 

12. 
1'). 
13. 
IG. 

3. 

4. 

5. 

0. 

!). 
17. 
is. 

21. 
22. 
23. 
24. 
25. 


Kind  of  oil. 

Co«ff.  of  fHo- 
tion  at  KXr* 

Mineral  oil,    [Unknown] 
Downer  Oil  Co.,  Champion 

.1635 

.1732 

"         "      "      Heavy  Spindle 

.1187 
.1233 

((                ((          ((                     ((                  u 

.1208 

''         *'      "      Light  Spindle 

.1113 

((                 ((           (C                   ((                   (( 

.1132 

44         44      44      32°  Ex.  Machinery 
Leonard  and  Ellis,  Valvoline  Spindle 

.0756 
.1476 

"            ''      ''       White  Valv.    " 

.1493 

''            "      "        Valvoline  White  Loom 

.1201 

"           "      *'               "         Machinery 
Olncy  Bros.,  German  Spindle 

U                 U                         J^                       44 

.2243 
.1190 
.1103 

John  P.  Squire,   Lard 

.2181 

Bleached  Winter  Sperm  A 

.1067 

hfc                         44                         44            g 

.1217 

44                         44                         44            Q 

.1170 

Aiken  &  Swift,   Bleached  W  inter  Sperm 

.0956 

^*        ''        ''        Unbleached   ''          " 

.1147 

44       44        44         Bleached         "           " 

.1141 

Seal  Oil 

.1608 

Alex  Boyd  &  Sons,  Xeatsfoot 

.2427 

Mixed  animal  and  mineral  oil     [Unknown]  1 

44                 44                    44                 44                    44                         44                       2 

.1608 
.1377 

44                44                   44                44                   44                        44                      g 

.1190 

i 
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Chemical  examinations  of  these  oils  by  Mrs.  Ellen  H.  Richards 
of  the  Women's  Laborator}',  Institute  of  Technology :  — 


Flash  of 

Loss  of  evapo-                      Nitro  Sulphuric  Acid  test. 

Tapor 

ration  in  12  liours 

Fab. 

at  140' 

1. 

p€rct. 

10. 

338" 

1.3 

Dark  yellow  with  much  cake. 

14. 

19. 

7. 

314 

2.7 

Dark  yellow,  some  cake. 

20. 

8. 

284 

5.5 

Slightly  yellow  only  a  few  flakes  of  cake. 

2. 

316 

3.7 

Dark  yellow  very  thin  layer  cake. 

11. 

324 

3.9 

Slightly  yellow  not  on  brown  specks. 

12. 

313 

3.3 

Yellow,  not  a  single  flake,  no  solid  matter. 

15. 

286 

7.2 

Turned  dark,  gives  a  black  layer  of  gum. 

13. 

322 

1.9 

Quite  an  amount  of  cake. 

16. 

282 

5.0 

[mass. 

3. 
4. 

5. 

+  0.4 

Hardened  with  much  acid  to  a  white  solid 

6. 

9. 

17. 

+  0.3 

• 
Thickened  up  a  little  like  jelly. 

18. 

»^ith  castor  oil  the  friction  was  so  great  as  to  throw  off  the  belt 

^^^iiig  the  machine  ;  and  as  the  time  allotted  for  this  work  expired 

^^  thj^t  day,  other  arrangements  for  a  wider  belt  could  not  be 

'°*^^»  and  it  can  only  be  said  that  its  friction  exceeds  that  of 

'^J  other  oil  given  in  these  tables. 

^^^  following  diagrams  (pp.  198,  190)  give  a  graphical  repre- 
*Dt^t.ion  of  the  cocfl^cient  of  friction  for  the  several  oils  at  tem- 
P^f^-U^res  between  50°  and  ISO**  Fah. 
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The  antl-frictional  properties  of  these  oils  under  the  condition 
of  these  experiments  are  expressed  in  the  following  order :  — 

Maniifactnrers.  Oil. 

Downer  Oil  Co.  82  Extra  Machinery. 

Aiken  <fe  Swift.  Bleached  Winter  Sperm. 

Olney  Bros.  A  Spindle. 

Downer  Oil  Co.  Light  Spindle. 

Aiken  &  Swift.  Bleached  Sperm. 

Aiken  &  Swift.  Unbleached  Sperm. 

Olney  Bros.  German  Spindle. 

Leonard  &  Ellis.  Valvoline  White  Loom. 

Downer  Oil  Co.  Heavy  Spindle. 

Leonard  &  Ellis.  Valvoline  Spindle. 

Unknown.  Seal. 

Downer  Oil  Co.  Champion. 

John  P.  Squire.  Lard. 

Leonard  &  Ellis.  Valvoline  Machinery. 

Alexander  Boyd  &  Sons.  Neatsfoot. 

It  is  no  disparagement  to  the  qualities  of  an  oil  that  it  is  low  in 
the  foregoing  list,  except  so  far  as  it  relates  to  the  resistance  of 
friction  under  these  conditions.  For  circumstances  of  great  pressure 
and  slow  motion,  I  am  of  the  opinion  that  the  order  of  the  list 
would  be  varied  ;  and  if  the  question  of  endurance  were  only  to  be 
considered,  still  another  change  in  the  order  would  be  necessary. 

A  portion  of  a  lot  of  unbleached  sperm  oil  (sample  17)  was 
bleached  expressly  for  these  tests  (sample  18)  but  the  results  of 
the  two  are  so  nearly  uniform  as  to  be  practically  identical.  The 
result  of  bleaching  does  not  affect  the  anti-frictional  properties  of 
the  oil,  although  it  undoubtedly  reduces  its  gumming  qualities. 

The  friction  of  sperm  oil  is  subject  to  sudden  vaiiations  which 
occur  at  certain  temperatures  for  the  same  sample  of  oil.  The  ex- 
planation of  this  lies  in  the  fact  that  sperm  oil  consists  of  a  large 
number  of  varieties  of  spermaceti,  each  of  which  is  liquefied  at 
certain  temperatures,  at  which  the  oil  is  relieved  of  waxy  or  at 
least  gelatinous  particles  and  becomes  a  more  perfect  lubricant. 

This  is  very  apparent  in  the  irregularities  existing  in  the  graph- 
ical representations  of  the  tests  of  samples  marked  B  and  0. 

The  friction  of  lard  oil  for  high  temperatures  exceeds  that  of 
any  other  lubricant  in  the  list ;  and  this  adhesive  quality  enables 
it  to  remain  on  tools  used  for  cutting  iron. 

In  conclusion,  it  may  be  stated  that  the  data  necessary  to  deter- 
mine the  safety  and  efficiency  of  a  lubricant  comprise : 
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1.  The  flashing  point  of  its  vapor,  which  is  ascertained  by  slow- 
ly beating  a  sample  over  an  oil  bath,  quickly  passing  a  small  flame 
over  the  oil  and  noting  the  temperature  at  which  the  vapor  first 
flashes.  The  danger  from  an  oil  does  not  arise  from  the  point  at 
which  the  oil  actually  ignites,  but  at  the  lower  temperature  when 
the  inflammable  vapor  bursts  into  flames  which  communicate  fire 
to  a  distance  limited  only  by  the  extent  of  the  vapor. 

2.  The  quantity  of  such  volatile  matter  is  important  both  as 
respects  safety  and  value.  The  heat  of  friction  liberates  that  por- 
tion of  the  oil  which  is  volatile  at  the  temperature  of  the  bearings  ; 
filling  the  mill  with  a  dangerous,  noxious  vapor,  and  also  dissi- 
pates in  the  air  a  portion  of  the  oil  which  is  paid  for  by  the  gallon, 
bntdoes  not  serve  to  give  any  return  of  value  in  lubrication. 

The  quantity  of  matter  volatile  under  140®  Fah.  is  measured  by 
ueating  a  known  weight  of  oil  in  a  watch  glass  and  maintaining 
a  constant  temperature  of  140®  Fah.  for  twelve  hours.  This  simu- 
lates tlie  conditions  of  the  temperature  of  the  bearings  mentioned 

Previo^isly,  and  the  maximum  time  that  it  would  be  consecutively 
lieateil. 

*"    the  case  of  mineral  oils  the  loss  from  evaporation   varied 
iroiu  1^53  ^^jjj^jj  ^jjg  Qp  ^Q  thirty  per  cent.     With  animal  and  vege- 

^  oils  there  is  a  slight  gain  in  weight  due  to  oxidation. 

^'    The  tendency  to  spontaneous  combustion  is  estimated  by  a 

^^  c^f  m  amount  of  cotton  waste  smeared  with  a  certain  quantity 
of  oil. 

.        ^lierniometer  whose  bulb  extends  to  the  centre  of  the  mass 
/^^Ites  any  rise  of  temperature  due  to  oxidation.     Any  gain  of 
^*^t  during  the  preceding  evaporation  test  shows  a  liability  to 
'^^t.^neons  ignition. 

.     *     Ireedom  from  acid  is  an  important  factor  in  oil,  because  acid 

^       ^ause  of  corrosion  of  metals,  and  will  tend  to  remove  the  oil 

^   the  frictional  surfaces  where  adhesion  is  indispensable.     The 

^    ^nee  of  acids  is  shown  by  corrosion  of  copper. 

.      *     The  anti-frictional  properties  of  an  oil  can  be  measured  only 

*  ^^irect  trial  under  the  desired  conditions  of  pressure,  velocity 

r^^  lemperature. 

•        kie  results  of  these  experiments  show  that  a  lubricant  must 

.       ^  a  certain  adhesion  to  the  frictional  surfaces  to  maintain  free 

^icatlon  ;  but  be3'ond  that  point  the  adhesiveness  of  the  oil  resists 

^notion  of  the  surfaces,  increasing  the  friction.      A  thick  oil 
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gives  greater  frictional  resistance  than  a  thin  one ;  and,  where  ease 
iu  running  is  the  object,  the  most  limpid  oil  should  be  used,  con- 
sistent with  the  conditions  of  the  specific  circumstances  of  the 
bearing. 

In  general  terms :  the  specific  gravity  of  an  oil  gives  no  indica^ 
tion  of  its  value  as  a  lubricant,  in  qualities  of  viscosity,  body,  or 
endurance. 

This  work  is  the  result  of  a  part  of  the  ordinary  service  of  cer- 
tain mutual  insurance  companies.  As  there  appears  no  relation 
between  underwriting  and  an  investigation  involving  questions  of 
chemistry  and  mechanics,  I  beg  to  add  a  few  words  by  way  of 
explanation  of  the  system  of  the  factory  mutual  insurance  compa- 
nies. The  better  class  of  factories  are  associated  together  in 
mutually  sustaining  each  other's  losses  by  fire,  forming  the  most 
powerful  scheme  of  cooperation  in  the  world.  The  amount  of  prop- 
erty so  indemnified  being  some  two  hundred  and  six  million 
dollars,  or  an  amount  exceeding  three-fifths  of  the  aggregate 
National  Bank  circulation  of  the  United  States. 

The  surplus  of  the  year's  work  is  distributed  among  the  assured, 
giving  the  clients  protection  at  the  cost  of  the  annual  losses  by 
fire  and  the  expense  of  administering  the  company  ;  the  latter  item 
amounting  to  a  sum  but  little  in  excess  of  the  interest  accruing 
from  the  premiums  deposited  for  indemnifying  the  claimants  for 
losses. 

Their  policy  has  been  to  anticipate  all  preventable  causes  of  fire, 
prescribing  the  ounce  of  prevention.  Instead  of  charging  a  pre- 
mium commensurate  with  the  estimated  hazard  of  a  structure  and 
thus  betting  aguinst  a  chance  ;  they  demand  that  the  mills  shall 
be  brought  up  to  the  standard  of  their  associates  in  all  matters 
of  approved  construction,  equipment  of  fire  apparatus  and  orderly 
supervision.  Instead  of  making  the  rate  conform  to  the  risk, 
the  risk  is  brought  up  to  the  rate.  Mohammed  does  not  go  to  the 
mountain,  but  the  mountain  comes  to  Mohammed.  To  achieve 
this  end,  all  that  theoretical  knowledge  can  suggest,  or  practical 
experience  accomplish,  is  utilized. 

The  result  of  this  system  has  served  to  reduce  the  cost  of  indem- 
nifying cotton  mills  against  loss  by  fire,  by  a  sum  equal  to  saving 
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their  capital  every  thirty-five  years,  if  the  saving  be  compounded 
at  6  per  cent.,  redacing  in  cost  every  piece  of  New  England  cotton 
fabric. 

In  demanding  a  better  class  of  mills  as  the  art  of  their  con- 
struction has  been  developed,  in  all  that  pertains  to  light,  warmth, 
B&nitation,  ample  stairways,  protected  elevators,  and  the  abolition 
of  garrets ;  in  everything  relating  to  physical  comfort  and  safety 
they  have  incidentally  accomplished  more  for  the  amelioration  of 
the  enoplo^'ed,  than  all  the  class  legislation  ever  enacted  in  this 
state. 

Furthermore,  the  capital  employed  in  textile  manufacturing  has 
f^ped  an  indirect  benefit  from  mutual  insurance.  Besides  the 
reduction  in  rates,  the  decreasing  number  of  destructive  fires  in 
*^li  mills  has  also  diminished  the  losses  arising  from  interrupted 
wainess ;  a  risk  which  is  not  covered  by  mutual  insurance. 

Thi«  system  of  mutual  mill  insurance  was  founded  by  the  Hon. 
^^a.riah  Allen,  of  Providence,  one  of  the  founders  of  the  Amer- 
ican Association  for  the  Advancement  of  Science,  who  is  present 
^"^  Us  to-day,  his  zeal  for  science  unabated,  notwithstanding  the 
DDrden  of  over  eightj'-five  j-ears. 

This  investigation  of  the  subject  of  lubrication  forms  a  part  of 
*Btuclyof  oils,  undertaken  on  behalf  of  the  Mill  Mutual  lusur- 
*°^^  Companies,  in  order  to  determine  the  conditions  of  safety 
fronx  fire  and  economy  in  use  ;  the  chief  causes  of  danger  in  textile 
ftctories  being  from  friction  or  spontaneous  combustion.  The 
'^Dole  subject  has  been  under  the  charge  of  Prof.  J.  M.  Ordway, 
^^f'^ssor  of  Industrial  Chemistry  in  the  Massachusetts  Institute 
0^  Technology. 

^"^  the  conduction  of  the  lubrication  tests,  I  desire  to  express 
^y  gratitude  to  Professor  Ordway  for  his  kindly  assistance  and 
™*^y  suggestions,  rendered  especially  valuable  by  his  scientific 
*^^*unents  and  practical  experience. 
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FSICTIOM  or   LCBRICATIKd   OILS; 


Frictional  test  of  Mineral  [  C-'nfcnown]  Oil,  on  March  27  to  29, 1 
Sample  nearly  two  years  old.  Rev.  2'er  min.  475.55,  S 
2>rea8ure  j>er  nq.  inch.  Velocity  of  rubbing  mtrfacea,  534.91 
jxr  minute.     No.  of  aaviple  1,     Xo.  trials  10, 
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Frictional  test  of  Leonard  &  Ellis'  Valvoline  Spindle  Oil,  on  j 
9  ami  10,  18«0,  Sev.  2ier  min.  44ii.i'2.  o  llis.  2'>re3aure  pe 
inch.  Velocity  of  rubbing  surfaces  £01.21  feet  per  minute, 
of  sample  2.     Xo.  of  trials  5. 
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Frktional  teat  of  John  P.  Squire  <t  Co.,  Lard  Oil,onApril9  to  li, 
1880.      Rev.  per  mm.  501.10,  5  lbs.  preiattre  per  iq.  inclt. 

Velocity  of  rubbinff  .virfacea,  563.74  feet  per  minute.     No,  of 
tamph  3.     2^o.  of  trials  7. 
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Frietmrnl  test  of  Xo.  25  A  Bleached  Winter  Sperm  OH,  on  April  l5 
and  IC,  1880.  Jtev.per  min.  500.02, 5  Ibx.  j.rtsaiire  per  sq.  inch. 
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of  sample  i.     Xo.  of  trials  5. 
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FRICTION   OF   LUBRICATING   OILS  ; 


Frictional  test  of  25  B  Sperm  OU^  on  April  16,  1880.  Bev.  per 
minute  501.81,  5  lbs.  pressure  per  sq.  inch.  Velocity  of  inib- 
bing  surfaces  564.60  feet  per  minute.  No.  of  sample  5.  No. 
of  trials  3. 
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Frictional  test  of  25  C  Sperm  Oil  on  April  19,  1880.     Rev.  per 
minute  517.59,  5  lbs  pressure  per  sq.  inch.      Velocity  of  rub- 
bing  surfaces  582.28  feet  per  minute.    No.  of  sample  6.    No. 
of  trials  2. 
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Frietional  test  of  Dotoner'a  Light  SpltvSe  OU,  on  April  17  to  19, 
1880.  Rev.  }wr  min.  500,21,  5  lb».  preaswre  per  aq.  indi.  Ve- 
locity of  rubbing  surfaces  5G2.73  feet  per  minute.  No,  of 
sample  7.     No.  of  trials  i. 
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Frietional  test  of  Dotcner  OH  Co.,  32,  Ex.  Machinery  Oil,  on  April 
20  and  21,  1880.  Jiev.  per  minute  503.91,  5  lbs.  pressure  per 
s^.  inch.  Velocity  of  rubbing  surfaces  5GG.S1  feet  per  minute. 
So.  of  sample  8.     No.  of  trials  G. 
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TRICTION   OF    LUBRICATING   OILS 


Frictional  test  of  Aiken  S:  Swift  Bleached  Winter  Spemi  Oil^  on 
April  22  and  23,  1880.  liev.  per  min.  45G.09,  o  /6s.  pressure 
per  sq.  inch,  Vdocitij  of  rubbing  surfaces  513.10  feet  j>er 
minute.     No,  of  sample  9.     No,  of  trials  6. 
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Frictional  test  of  Doicncrs  Heavy  Spindle  Oil,  on  May  23,  1880. 
llev,per minute bO*dAZ,  bibs,  pressure  j)er  sq,  inch.  Velocity 
of  rubbing  surfaces  541.57  feet  per  minute.  No.  of  sample  10. 
No,  trials  3. 
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Frictional  test  of  Leonard  &  Ellis  White  Spindle  Oil^  on  April  23, 
24  and  26,  1880.  Rev.  per  min.  485.46,  5  lbs,  pressure  per  sq. 
inch.  Velocity  of  rubbing  surfaces  546.15  feet  per  minute. 
No.  of  sample  11.     No.  oftnals  5. 
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Frictional  test  of  Valvoline  Wiite  Loom  Oil,  oh  April  26,  1880. 
Hev.  per  minute  512.51,  5  /6s.  pressure  per  sq.  inch.  Velocity 
of  rubbing  surfaces  576.59  feet  per  minute.  No,  of  sample 
12.     No.  of  trials  2. 
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FRICTION  OF  LUBRICATING  OILS  ; 


FrictionaX  test  of  Olney  Bros.  German  Spindle  Oil,  on  April  30,  and 
Mayl,  1880.  Rev,  per  min.  481.41,  5  lbs.  pressure  per  sq, 
inch.  Velocity  of  rubbing  surfaces  541.59  feet  per  minute. 
No.  of  sample  13.     No.  of  trials  G. 
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Frictional  test  of  Dorvner  Heavy  Spindle  Oil,  on  May  1  and  3, 1880. 
Rev.  per  minute  498.56,  5  lbs.  pressure  per  sq.  inch.  Velocity 
of  rubbing  surfaces  560.88  feet  per  minute.  No.  of  sample  14. 
No.  of  trials  5. 
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Frictional  test  of  Valvoline  Machine  OiU  on  May  5,  1880.  Rev. 
per  minute  526.39,  5  lbs,  pressure  per  sq.  inch.  Velocity  oj 
rubbing  surfaces  592,18  feet  per  minute.  No.  of  sample  15. 
No,  of  trials  6. 
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Frictional  test  of  Olney  Bros.  A  Spindle  Oily  on  May  8  and  10, 
1880.  Rev.  per  minute  512.27,  5  lbs.  pressure  per  sq.  inch. 
Velocity  of  rubbing  surfaces  576.30  feet  per  minute.  No.  of 
sample  16.     No,  of  trials  7. 
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?  LUBBICATIMO  OILS', 


FHclional  lest  of  Aiken  &  Swijl  Unbleached  Winter  Sperm  Oil,  on 
May  12  and  13,  1880.  Jtev.  per  minvle  495.64,  5  Ibi.  pressure 
per  sq.  inch.  Velocity  of  rubbing  surfaces  f>57.48  feet  per 
minute.     No.  of  samp/e  17.     No.  of  trials  5. 
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Frictional  test  of  Aiken  &  Sviijt  Bleaclted  Winter  Sperm  Oil,  on 
May  14,  1880,  Rev. per  minute  490.87,  5  lbs.  pressure  per  aq. 
inch.  VelocUif  of  rubbing  surfaces  552.23  feet  j>er  minute. 
No.  of  sample  18.     No.  of  trials  4. 
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Frictional  teat  of  Downer  Heavy  Spindle  OH,  on  May  15,  1880, 
Rev.  per  minute  458.02,  5  lbs.  pressure  per  aq.  inc/t.  VelocUy 
of  rubbing  surfaces  515.27  feet  per  minute.  Xo.  ofaample  19, 
No.  of  trials  5. 
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Frictional  test  of  Downer  Light  Spindle  Oil,  on  May  17  and  18, 
1880.  ^n.  per  minute  48!). C3,  5  !6s.  pressure  per  aq.  inch. 
Velocity  of  rulAing  surfaces  550.83  feet  per  minute.  No.  of 
sample  20.    No.  of  trials  3. 
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FBICnON   OF   LUBRICATING   OILS  ; 


Frictional  test  of  Seal^  on  May  19-21,  1880.  Rev,  per  minute 
467.34,  5  lbs.  pressure  per  sq.  inch.  Velocity  of  rubbing  sur- 
faces 525.76  feet  per  miniUe.'  No.  of  sample  21.  No.  of 
trials  5. 
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Frictional  test  of  Alexander  Boyd  &  Sons  Neatsfoot  Oil^  on  May 
22,  1880.  Rev.  per  minute  526.15,  5  lbs,  pressure  per  sq.  inch. 
Velocity  of  rubbing  surfaces  591,92  feet  per  minute.  No.  of 
sample  22.     No,  of  trials  4. 
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Frictional  test  of  Unknotan  [Mixed^  Oil,  on  May  24,  1880.  Jiea. 
per  minute  490.46,  5  lbs.  pressure  per  aq.  inch.  Velocity  of 
rubbing  surfaces  571,77  feet  per  mimde.  No.  of  sample  23. 
No.  trials  4. 
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Frictional  test  of  Unknown  [Mixeff]  Oil,  on  May  24  an<f  25,  1880. 
Rev.  per  minute  471,86,  5  lbs.  presst^re  per  sq.  inch.  Velocity 
of  rubbing  surfaces  530.64  feet  per  minute.  No.  of  sample  24. 
No.  of  trials  4. 
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Faicnoic  OF  lubricating  oils 


Frktional  test  of  Unknovm  [Mioced']  Oilj  on  May  25  and  26,  1880. 
Sev.  per  minute  485.06,  5  lbs.  pressure  per  sq.  inch.  Velocity 
of  rubbing  surfaces  545.89  feet  per  minute,  No.  of  sample  25. 
iVb.  trials  4. 
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Frictional  test  of  Downer  Oil  Co.y  Champion  Oily  on  May  27, 1880. 
Rev.  per  minute  508.69,  5  lbs.  pressure  per  sq.  inch.  Velocity 
of  rubbing  surfaces  572.27  feet  per  minute.  No.  of  sample  28. 
No.  of  trials  5. 
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Fluidity  Experiments.     Valvoline  Spindle  Oil.    Leonard  &  Elli$. 
Sample  2. 
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Fluidity  Experiments.    S2°  Extra  Machinery  Oil.     Downer  OQ 

Co.     Sample  8. 
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FluidUy  ExperimenU.      Meac/ied   WijUer  Sperm   Oil.      Aiken  & 
Stoi/t.     Sami)le  9. 
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Fluidity  Experiment*.     YatwAine  White  Spindle  OH.    Leonard  A 
Ellis.    Sample  11. 
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Fluidit}/  Es^riments.      ValvtAine  WJiite  Loom  Oil.      Leonard  4 
Ellis.     Sample  12. 
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FtuidiCt/    Experimenti.      German    Spindle    Oil.      Olney    Broa. 
Sample  13. 
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Fluidity   ExperimenU.      Heavy  Spindle  Oil.       Downer  Oil  Co. 
Sample  14. 
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Fluidity  Experiments.        Vulvoline  Jtfadtinery    Oil.      Leonard  t 
Ellis.    Sample  15. 
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Fluidity  ExperimenU. 

A  Spindle  OU. 

(Hney  Bros.    Sample  IS. 

1 

If 
ft 

i 

j 

li 

11 

i 

1! 

1 

Is 

1 

5? 
P 

IS 

1 

If 

lao 

in.s 

IM 

01  .IS 

00 

IM. 

00 

aa. 

i« 

ta.TS 

110 

106.90 

BO 

I10.S 

UB 

•n. 

100 

IM. 

TO 

170. 

f^uiditif   Experiments,      Bleached  Ifin/er  Sperm   Oil,      Aiken  d> 
Swift.    Sample  18. 
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Fluidity  Experiment:     Light  Spindle   Oil.     Down* 
Sample  20. 
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Fluidity  Experimenti.    Seal  Oil.    Sample  21. 
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Fluiditi/  Experiments.      Xealxfoot  Oil.      Alexander  Boyd  &  Son*. 
Sample  22. 
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Fluidily  Experiments.     Champion  Oil.     Dotener  Oil  Co,     Sample 
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Determination  of  the  Co3Iparative  Dimensions  of  Ultimate 
Molecules  ;  and  Deduction  of  the  Specific  Properties  of 
Substances.    By  William  A.  Norton,  of  New  Haven,  Conn. 

In  papers  on  topics  pertaining  to  Molecular  Plij-sics,  read  before 
tho  National  Academy  of  Sciences,  and  subsequently  published 
in  the  American  Journal  of  Science,  I  have  presented  an  altema* 
tive  conception  of  the  constitution  of  an  ultimate  molecule  to  that 
commonly  entertained,  viz. :  that,  instead  of  being  a  group  of 
similar  atoms  endued  with  inherent  forces,  of  repulsion  at  the 
more  minute  distances  and  attraction  at  all  greater  distances,  it 
consists  of  a  single  atom  surrounded  by  an  envelope  of  electric 
ether,  immersed  in  and  permeated  by  the  luminiferous  ether  con- 
densed upon  the  atom ;  and  that  this  investiture  with  an  ethereo^ 
electric  atmosphere  gives  to  the  atom  its  panoply  of  power.  I 
have  shown  that  this  conception  leads  to  that  of  the  operation  of 
forces  of  attraction  and  repulsion,  emanating  from  different  centres, 
and  varying  according  to  the  law  of  inverse  squares ;  and  given 
a  mathematical  expression  for  the  result  of  the  joint  action  of 
these  forces,  which  I  term  the  Force  of  Effective  Molecular  Action. 
I  have  also  shown  that  the  general  mechanical  laws  and  properties 
of  bodies  may  be  deduced  from  the  force  thus  precisely  expressed ; 
that  numerical  determinations  of  tenacities,  etc.,  may  be  obtained, 
in  close  correspondence  with  experimental  ix3sults, — that  every 
substance  has  its  own  precise  formula  and  corresponding  curve  of 
effective  molecular  action,  capable  of  determination,  which  repre- 
sents all  its  mechanical  properties,  general  and  specific, —  and  that 
to  the  liquid  and  gaseous  states  of  a  substance  answer  particular 
curves  which  sustain  numerical  tests  no  less  successfully  than  that 
which  represents  the  solid  stateJ 

It  has  also  been  made  evident  that  upon  the  conception  adopted, 
the  ultimate  molecule  should  have  the  property  of  variability,  in 
its  dimensions  and  forces,  which  seems  to  furnish  a  key  to  the 
satisfactory  explanation  of  a  variety  of  phenomena ;  as  the  set  of 
materials  after  a  force  of  stress  has  been  applied  to  them,  viscosity, 
and  numerous  other  consequences  of  imperfect  elasticity,  and  pos- 
sibly also  of  chemical  changes.^ 

In  the  present  paper  I  propose  to  consider  the  conditions  of 

>  In  Journal  of  Science,  May  and  June,  1S79. 
sjn  Journal  of  Science,  March,  187U. 
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equilibrium  of  individual  molecules,  and  undertake  the  theoretical 
determination  of  the  comparative  dimensions  and  mechanical  - 
features  of  the  molecules  of  different  substances,  as  well  as  the 
mathematical  deduction  of  the  comparative  properties  and  relations 
of  substances,  from  the  mechanical,  physical,  and  chemical  points 
of  view. 

In  giving  a  detailed  exposition  of  the  mechanical  constitution  of 
a  molecule^  we  have  to  consider  :  — 

1.  The  Nucleus^  or  atom,  surrounded  by  an  ethereal  atmosphere 
condensed  upon  it  by  the  attraction,  or  virtual  attraction,  of  the 
nucleus. 

2.  The  Electric  Envelope,  consisting  of  a  less  subtle  ether,  the 
atoms  of  which  are  at  the  same  time  attracted  by  the  nucleus  and 
repelled  by  the  condensed  ether  resting  on  the  nucleus.  Each 
atom  is  solicited  by  an  effective  force  equal  to  the  difference  of 
these  individual  forces.    This  is  represented  by  the  expression 

., Cm  Cm  y*  V 

U=i-— z  (1) 

in   which   m  =•  mass  of  nucleus  =  atomic  weight  of  substance  ; 

C=cocfl3cient  of  attraction  of  nucleus;  C'  =  coeff.  of 

repulsion  of  ethereal  atmosphere ; 
R  =  distance  from  centre  of  nucleus  to  any  point  of 

envelope ; 
r  =  distance  from  centre  of  nucleus  to  centre  of  ethereal 

repulsion ; 
w  =  effective  force  soliciting  atom  of  envelope. 
The  equilibrium  obtains,  at  all  points  of  the  envelope  between 
the  entire  compressing  action  due  to  this  effective  force  and  the 
elastic  resistance  of  the  compressed  ether.  If  C  be  expressed  in 
fractional  parts  of  C  regarded  as  unity,  the  expression  for  the 
effective  force  becomes 

u  =  mi^^^:)  (2) 

Let  Ci  =  \/c',  ^"^^  ^2  =  Vc ' ;  ^^^^n  for  the  zero  value  of  w, 

11=  - — TT  ;  and  for  max.  value  of  u  (or  w')»  R'  =  ^i  \' 
For  the  7'ate  of  variation  of  u  with  R,  we  have 

The  equilibrium  here  considered  is  a  dynamical  one.  It  is  a 
fundamental  hypothesis  of  the  theory,  that  the  attractive  and  re- 
pulsive forces  exerted  on  the  envelope  of  a  molecule  consist  of 
incessantly  recurring  impulses  (or  may  be  so  represented).  Be- 
tween the  contiguous  atoms  of  the  entire  ethereo-electric  atmos- 
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phere  a  statical  force  of  mutual  repulsion  is,  at  the  same  time,  in 
operation,  by  virtue  of  whicli  its  two  constituent  ethers  are  media 
capable  of  opposing  an  elastic  resistance  to  compression,  and  of 
transmitting  impulses  by  wave  propagation. 

The  first  fact  to  be  tioted  with  regard  to  the  dynamical  action 
exerted  upon  a  molecular  envelope,  by  the  nucleus  and  ether  im- 
mediately BUiTOunding  it,  is  that  it  originates  inward  acting,  or 
attractive  waves,  which  are  thence  propagated  indefinitely  outward. 
The  intensity  of  the  wave  force  thus  developed,  at  any  point  of  the 
envelope,  depends  on  the  inequality  of  action  exerted  on  its  con- 
stituent atoms  lying  at  slightly  different  distances  from  the  nucleus ; 
and  thus  upon  the  rate  of  variation  of  u  regarded  as  a  function  of 
B.  It  may  thus  be  regarded  as  proportional  to  j^.  For  this,  as 
we  have  already  seen,  we  have  the  equation 


du 
d 


^—  2m  (— ipf  +  ^  X  (RZ^oi)' 


This  has  its  maximum  positive  value  at  the  distance,  R,  at  which 
u  =  0  ;  and  decreases  as  R  increases  until  the  maximum  value  of 
u  is  reached,  where  it  becomes  zero.  It  may  be  seen,  then,  that 
the  system  of  attractive  waves  under  consideration  will  have  a 
resultant  centre  lying  in  the  vicinity  of  the  lower  or  inner  surface 
of  the  envelope.  The  entire  action  of  this  wave  S3'stem  should 
be  nearly  proportional  to  the  value  of  |^  at  the  zero  point  of  w, 
which  we  will  call  v'.  In  former  papers  I  have  denoted  the  coeffi- 
cient of  this  attractive  action  of  one  molecule  on  another,  by  n'? 
We  have  then  n  =  const.  X  V. 

But  the  dynamical  repulsive  action  exerted  between  the  constit- 
uent atoms  of  the  envelope  should  also  originate  a  system  of  re- 
pulsive waves.  The  resultant  centre  for  these  should  lie  toward 
the  outer  surface  of  the  effective  envelope.  The  coefficient  of  this 
wave  system  I  have  denoted  by  m.  Regarding  this,  for  the  present, 
as  constant  for  all  molecules  at  the  same  temperature,  we  have 
^  =  const.  X  V. 

Another  system  of  repulsive  waves  should  be  developed,  in  the 
luminiferous  ether  below  the  envelope,  by  the  dynamic  collapses 
of  the  envelope.  These  will  be  propagated  by  the  luminiferous 
ether.  The  expression  given  in  former  papers  for  tJie  force  of  ef- 
fective molecular  action^^  represents  the  result  of  the  joint  action  of 
the  three  systems  of  waves,  on  a  contiguous  molecule.    It  will  be 

I  See  Jonrnal  of  Science,  May  1879,  p.  846. 
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seen,  then,  that  we  have  a  mathematical  relation  established  be- 
tween a  definite  mechanical  feature  of  the  molecuhir  envelope,  in- 
dicated by  1?',  and  tlie  ratio  -  upon  which  the  force,  or  representa- 
tive curve  of  effective  molecular  action,  depends.  We  shall  see 
hereafter  that  definite  relations  may  also  be  derived  between  the 
mechanical  condition  of  the  molecule  and  the  physical  and  chemical 
properties  which  it  exhibits. 

Let  us  now  take  up  the  question  of  the  determination  of  the 
comparative  dimensions  of  the  ultimate  molecules  of  different  sub' 
stances.  If  the  nuclei  (/.  e.,  the  single  central  atoms)  of  molecules 
ai*e  all  of  the  same  density,  the  radius,  r',  of  any  nucleus,  and  ap- 
proximately r  in  our  formulse,  should  be  proportional  to  the  Vm^ 
or  'v  at.  wejt'^ht.  ^"^  ^^^®  marked  differences  of  property,  exhibited 
by  certain  elements  of  nearly  the  same  atomic  weight,  show  that 
their  constituent  atoms  must  differ  in  some  other  particular  than 
mass,  or  weight.  The  simplest  and  most  probable  supposition 
that  can  be  made  is  that  they  differ  in  size  for  the  same  mass,  or 
in  other  words  in  density.  This  theoretical  conclusion  accords 
with  the  speculative  hypothesis  I  ventured  to  suggest  several  years 
since,  from  other  considerations,  that  the  atoms  of  bodies  might 
be  masses  of  condensed  ether,  but  does  not  necessitate  this  sup- 
position. A  similar  conception  of  the  probable  constitution  of  the 
atom  has  been  propounded  by  Sir  William  Thomson,  and  other 
eminent  physicists. 

Adopting  the  idea  that  the  nuclei  of  molecules  may  vary  in 
densit}*,  the  value  of  C  may  vary  from  one  element  to  another  by 
reason  of  the  varying  density  of  the  molecular  nucleus,  and  also 
by  reason  of  the  varying  distance  between  the  nucleus  and  the 
envelope  ;  since  the  mass  of  ether  acting  repulsively  on  the  envel- 
ope will  vary  with  this  distance.  If  the  comparative  densities  of 
the  atoms  of  elements  were  known,  in  addition  to  their  compara- 
tive weights,  or  masses,  we  could  ])}•  means  of  our  formuhe  deduce 
their  dimensions,  and  also  the  diverse  capabilities  of  action  of  the 
elements  considered  ;  and  could  test  our  theory  in  a  direct  and  de- 
cisive manner.  In  the  absence  of  this  ti  priori  knowledge  the  only 
possible  mode  of  proceeding  is  to  deduce  from  certain  recognized 
properties  of  any  element  under  consideration,  as  experimentally 
determined,  the  values  of  r,  r',  C,  R,  R',  and  v\  and  all  the 
mechanical  features  of  the  molecule  ;  and  from  these  derive,  if 
possible,  expressions  for  the  other  comparative  properties  of  the 

A.  A.  A.  S.,  VOL.  XXIX.  15 
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element,  and  then  compare  the  numerical  results  obtained  with  the 
results  of  actual  experiment.  The  process  of  calculation  actually 
pursued  is  this.  The  experimental  data  assumed  are  the  molecular 
volume  of  the  substance,  and  its  tenacity,  or  instead,  its  coefficient 
of  elasticity  (E).  If  the  suUstance  be  considered  in  the  liquid 
state,  and  at  the  boiling  point,  the  molecular  volume  alone  suffices. 
The  tenacity,  or  coulllcient  of  elasticity,  makes  known  the  com- 
parative ratio  -,  and  the  molecular  curve,  and  thus  the  compara- 
tive value  of  v'  by  means  of  the  relation  already  given.  From 
the  molecular  volume  we  derive  the  radius  of  the  molecular  volume, 
and  thence  the  radius,  R',  of  the  effective  molecale,  by  means  of 
the  neutral  distance  derivable  from  the  value  of  -.  We  then  have, 
to  find  r  and  C%  the  equations 

and  Vt  =z  ,^^  ,^ — r-r-.  (c) 

The  numerical  results  obtained  for  a  variety  of  substances  arc 
given  in  Table  I.  For  the  designations  of  the  captions  of  the 
columns,  v',  c',  R',  R,  r,  r',  and  u',  see  ante.  The  values  of  x  are 
the  exponents  of  the  power  to  which  the  atomic  weight  is  to  be 
raised  to  produce  r,  and  the  values  of  of  are  the  corresponding 
exponents  answering  to  the  values  of  r'.  The  comparative  values 
of  r',  R',  and  v',  for  the  elements,  are  graphically  represented  in 
Figs.  1  and  2.  The  comparative  densities  of  the  atoms,  or  nuclei 
of  the  molecules,  are  also  shown  in  Fig.  2. 

Upon  the  present  theory  the  heat  pertaining  to  a  molecule  con- 
sists in  the  vibratory  movement  of  its  envelope,  or  the  correlative 
pulsation  of  the  ether  at  the  surface  of  the  nucleus  ;  for  the  two 
are  related  as  action  and  reaction.  This  conception  gives  for  the 
specific  heat  of  a  molecule  the  expression, 

Specific  heat  =  — ~ — ^  X  (R  —  R)  X  W  (4) 

V  {U  —  r') 

where  r'  denotes  the  radius  of  the  actual  nucleus,  under  the  suppo- 
sition that  the  ethereal  heat-pulses  are  reflected  from  the  surface 
of  the  nucleus.  I  find  that  this  expression  gives  the  value  of  the 
molecular  heat  obtained  by  experiment,  if  a  value  of  r'  be  taken 
somewhat  less  than  that  of  r.  "We  may  assume,  then,  that  the 
radius  of  the  actual  nucleus  is  equal  to  the  value  of  i''  determined, 
or  is  somewhat  less  than  this.  The  results  of  the  calculations  of 
the  molecular  heat  are  given  in  Table  II.  The  assumed  values 
of  r'  are  given  in  Table  I. 
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Before  proceeding  farther  with  the  calculations  proposed  I  will 
consider  briefly  two*  or  three  topics  wliich  have  a  bearing  on  the 
deductions  that  remain  to  be  made. 

(1).  Indefinite  extension  of  a  single  isolated  molecule.  That  no 
theoretical  limit  would  exist,  to  the  extension  of  the  envelope  of 
a  single  isolated  molecule,  appears  from  the  value  of  u  (Eq.  2). 
This  increases  from  zero  to  a  maximum,  and  then  deci*eases  in- 
definitely. 

(2).  Condition  of  the  electric  ether  between  molecules^  as  to 
tension  and  density.    On  examining  Fig.  3,  it  will  be  seen  that 

t  IG.  3. 


the  effective  attraction  exerted  by  two  molecules,  on  the  electric 
ether  lying  to  one  side  of  the  line  of  their  centres,  will  give  rise  to 
an  effective  force  directed  toward  this  line  and  condensing  the 
ether  upon  it.  At  the  surface  of  a  body  all  the  pairs  of  contigu- 
ous molecules  will  exert  a  similar  compressing  action,  directed 
inward  and  thus  determining  a  certain  density  and  tension  of  the 
electric  ether  occupying  the  interstitial  spaces  in  the  interior  of 
the  body. 

(3).  The  relation  between  the  tension  of  the  interstitial  electric 
ether  and  that  of  the  liiminiferous  ether  between  the  molecular  en- 
velopes and  the  nuclei.  Between  these  tensions  an  equilibrium 
should  subsist,  or  tend  to  subsist.  If  this  equilibrium  should  be 
in  any  way  disturbed^  the  immediate  consequence  would  be  either  a 
contraction  or  expansion  of  the  molecular  envelopes^  with  attendant 
electric  or  ethereal  wave  movements.  The  tendency  of  such  wave 
movements,  emanating  from  the  disturbed  molecules,  should  be  to 
urge  the  envelopes  of  neighboring  molecules  cither  toward  or  from 
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their  nuclei,  according  as  they  occur  in  the  interstitial  electric 
ether  or  in  the  liiminiferous  ether.  Such  disturbances  of  equilib- 
rium of  tension,  with  these  attendant  results,  may  result  from  a 
change  of  either  of  the  two  individual  tensions,  ethereal  or  elec- 
tric. The  ethereal  tension  may  be  increased  by  the  access  of  heat 
pulses.  The  interstitial  electric  tension  may  be  altered,  by  a 
surface  contact  with  a  substance  of  greater  or  less  electric  tension, 
or  by  the  mixture  of  liquids  or  gases,  in  which  the  electric  tension, 
u,  of  the  molecules  is  unequal. 

We  are  now  in  a  position  to  make  definite  determinations  of  the 
electric  and  chemical  relations  of  substances.  From  what  has 
been  stated  it  may  be  seen  that  if  the  ethereal  tension  below  a 
molecular  envelope  be  increased,  or  the  interstitial  electric  tension 
be  diminished,  an  instantaneous  effective  force  will  come  into 
operation  that  will  tend  to  urge  the  envelope  outward,  and  initiate 
wave  impulses  in  the  interstitial  electric  ether.  The  force  of  elec- 
tric tension  thus  developed  I  will  designate  by  /.  The  energy 
of  tJie  electric  movement  originated  by  this  force  I  denote  by  /" 
and  call  the  electro-motive  force.      For  /  I  obtain  the  following 

expression. 

• 

/^=  .^1!).  SI  X  u '  X  neutral  distance.  (5) 

Let/  z=  ^  then  /"  =/'  X  molecular  volume.  (6) 

The  values  of/,  /',  and/',  computed  for  the  elements  included  in 
Table  I,  are  given  in  Table  II.  The  comparative  values  of/,  as  well 
as  of/',  for  these  elements,  are  also  represented  in  Fig.  4.  It  is  to 
be  observed  that  the  substances  marked  with  an  *  are  taken  in  the 
molecular  condition  in  which  they  exist  in  certain  liquid  com- 
pounds at  the  boiling  point.  Thus  the  quantities  given  in  the 
Table  for  oxygen  answer  to  oxygen  molecules  in  water  at  its 
boiling  point.  The  same  is  true  of  Table  I.  By  the  neutral 
distance,  in  Eq.  (5),  is  meant  the  distance  between  two  contig- 
uous molecules  of  a  body,  in  its  ordinary  undisturbed  state.  It 
is  the  value  of  «,  in  the  expression  for  the  force,  F,  of  effective 
molecular  action,  at  which  F  =  0.  (See  Journal  of  Science,  May, 
1879,  pp.  346  and  347.  The  neutral  distance  is  represented  by 
Oa  in  the  molecular  curve  on  p.  347.) 

When  the  molecules  of  two  substances  brought  into  contiguity 
act  on  each  other  chemically,  the  process  consists  in  an  expansion 
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of  the  one  set  of  molecular  envelopes  and  an  attendant  contrac- 
tion of  the  other  set.  That  it  may  be  initiated  it  is  essential  that 
the  values  of  /  should  be  unequal  for  the  two  substances.  The 
molecular  envelopes  of  the  substance  which  has  the  larger  value 
of/ will  expand,  and  those  of  the  other  contract.  The  former  may 
be  termed  electro-positive  \vith  regard  to  the  latter  ;  and  the  latter 
electro-negative  with  regard  to  tlie  former.  In  the  chemical  process 
the  electric  movement  is  from  the  former  to  the  latter.  Thus  when 
zinc  combines  with  the  oxygen  of  water  in  the  voltaic  cell,  the 
envelopes  of  the  zinc  molecules  expand,  and  those  of  the^xygen 
molecules  contract,  and  the  electric  movement  is  from  the  former  to 
the  latter.  The  final  result  is  that  the  ratio  ^  is  increased  in  value 
for  the  oxygen  molecules,  and  diminished  for  the  zinc  molecules, 
and  thus  brought  approximately  to  the  same  value  for  the  two  sets 
of  molecules  (see  Journal  of  Science,  May,  1879,  p.  346).  The 
2}rocess  of ''^  chemical  combination^*  consists  in  a  modification  of 
the  condition  of  molecular  envelopes  (by  expansion  and  attendant 
contraction)  by  which  the  two  sets  of  molecules  are  brought  into 
correspondent  conditions  (whether  answering  to  the  solid,  liquid, 
or  gaseous  state).  The  initiating  cause  is  an  inequality  in  the 
values  of  the  force/,  for  the  two  substances,  and  the  effective  force 
in  operation  is  the  excess  in  the  intensity  of  /  for  the  electro- 
positive substance  over  that  for  the  electro-negative.  The  energy 
of  the  process  of  change  depends  on  the  excess  in  the  value  of/' 
for  the  former  substance  over  that  for  the  latter. 

It  is  important  to  observe  that/ and  f"  have  not  certain  fixed 
values  for  each  particular  substance.  The  value  of  each,  for  any 
substance,  varies  with  the  temperature  and  with  the  state  of 
aggregation.  The  chemical  relations  of  substances  may  thus  vary 
materially  with  the  temperature  at  which  they  are  brought  together. 
These  are  definitely  shown  by  the  comparative  values  of/,  at  the 
temperature  considered.  They  are,  however,  liable  to  material 
modification  by  the  proximity  of  other  substances  whose  forces,/, 
come  into  simultaneous  operation.  The  case  of  contact  along  a 
definite  extent  of  surface  (as  in  the  contact  of  a  zinc  plate  with  the 
water  in  a  voltaic  cell)  is  to  be  distinguished  from  that  of  the 
mixture  of  two  liquids.  In  the  former  case  the  distance  between 
the  molecules  of  each  substance  becomes  a  modifying  factor  ;  and 
it  is  conceived  that  a  nearer  approximation  to  the  chemical 
relations  will  be  obtained  by  dividing  /  and  f"  by  v^ieut.  dist. 
(See  columns  9  and  10,  Table  II). 
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As  to  the  effect  of  heat  to  promote  chemical  combination  it  may 
be  readily  seen  that  its  general  tendency  is  to  raise  the  value  of/. 
It  may  thus  promote  oxidation  and  combustion  by  raising  the 
value  of/ for  the  combustible  above  that  which  obtains  for  oxygen. 
Heat,  it  is  to  be  observed,  in  such  cases,  brings  tlie  molecules  into 
the  condition  in  which  an  effective  force,/,  comes  into  operation. 
The  heat  subsequently  developed, —  the  "  heat  of  combination," — 
is  the  result  of  the  electro-motive  energy  that  comes  into  play. 
It  is  also  in  part  due  to  the  diminution  of  the  neutral  distance 
between  the  molecules  whenever  a  lower  state  of  aggi-egation  is 
reached. 

The  chemical  relations  of  substances  to  oxygen  are  shown  by  the 
comparative  values  of/  On  consulting  Table  II  it  will  be  seen 
that  the  values  of /for  the  metals,  lithium,  sodium,  and  potassium, 
are  greater  than  for  ox3'gen  in  the  condition  in  which  it  exists  in 
water  at  the  boiling  point,  and  accordingly  these  metals  should  be 
electro-positive  to  the  oxygen,  and  have  a  strong  tendency  to 
combine  with  it  when  brought  in  contact  with  water.  Fur  the 
other  metals  mentioned  in  the  table  the  value  of  /  is  less  than 
for  oxygen,  and  the  electro-positive  state,  indicated  by  the  value 
of/,  requires  to  be  exalted  by  heat  before  such  combination  can 
take  place ;  or  else  the  combination  must  be  promoted  by  favora- 
ble conditions  afforded  by  the  presence  of  other  substances.  The 
value  of  /  is  the  lowest  for  platinum.  The  large  values  of  /'  for 
the  alkaline  metals  give  intimation  of  great  energy  in  the  process 
of  combination  with  oxygen.  The  general  chemical  relations  of 
the  elements  to  ox3'gen  may  be  seen  at  a  glance  by  examining 
Fig.  4.  The  theoretical  chemical  relations  of  the  elements  to  hy- 
drogen, or  any  other  individual  element,  may  be  obtained  in  a 
similar  manner  from  Table  II,  or  by  examining  Fig.  4. 

In  the  direct  union  of  two  gases,  heat,  or  the  electric  spark,  is 
the  inciting  cause  of  the  transformation  of  the  molecules. 

The  proportions  in  which  two  substances  may  combine  should 
depend  on  their  comparative  values  of/,  and  tlie  range  of  varia- 
tion which  these  may  experience  under  the  influence  of  heat  and 
other  external  relations.  It  is  to  be  observed  here  that  of  two 
substances,  A  and  B,  A  may  be  electro-positive  to  B  under  certain 
conditions  of  temperature,  etc.,  and  under  other  conditions  electro- 
negative to  it;  since  A  may  have  a  larger  value  of/  than  B  in 
the  one  case,  and  a  smaller  value  in  the  other  case.  By  examining 
the  ascertained  values  of /for  the  elements  in  our  Table  we  may 
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get  an  insight  into  the  physical  peculiarities  correspondent  to  the 
terms  univaknce,  bivalence,  etc.,  used  by  chemists  ;  but  this  topic 
cannot  now  be  enlarged  upon.  We  will  only  state  a  general  prin- 
ciple that  here  becomes  applicable,  viz.,  that  in  the  process  of  a 
chemical  combination  that  molecule  which  expands  has  its  value 
of/  reduced  thcrcb}',  and  that  which  contracts  has  the  value  cor- 
respondingly augmented. 

Mendelejeff^a  Jmw  of  the  Periodicity  of  the  Elements  is  clearly 
indicated  in  the  results  of  our  calculations.  Compare  the  values 
of/,  as  well  as  those  of  v\  given  in  Tables  I  and  II,  and  repre- 
sented in  Figs.  2  and  4.  The  values  of/  give  intimation  of  chem- 
ical relations  ;  and  those  of  v'  of  mechanical  relations — but  these 
ai'e  not  wholly  dependent  on  v'.  The  law  would  be  more  com- 
pletely indicated  if  we  were  to  insert  the  approximate  values  of/ 
and  v'  for  certain  substances,  as  fluorine,  silicon,  etc.,  for  which 
the  data  necessary  for  accurate  calculations  have  not  3*et  been  ob- 
tained. The  theoretical  explanation  of  this  law  is,  that  it  results 
from  periodic  fluctuations  in  the  densities  of  the  nuclei  of  the  ulti- 
mate molecules  (i.  6.,  of  the  atoms  of  the  elements).  On  com- 
paring Figs.  2  and  4,  the  general  correspondence  between  these 
fluctuations  of  density  and  those  of  the  values  of  v  and  /,  may 
be  seen  —  it  being  observed  that  an  increase  in  the  density  of  the 
atom  should  tend  to  increase  v'  and  diminish/. 

Another  important  theoretical  deduction  that  may  be  made  is 
that  of  an  expression  for  the  comparative  hardness  of  substances. 
This  should  depend  on  the  greater  or  less  susceptibility  of  the 
molecular  envelopes  to  compression  in  the  direction  of  the  com- 
pressing force  and  to  expansion  in  the  lateral  direction.  From  this 
point  of  view  we  have  for  the  theoretical  expression  for  the  com- 

parative  hardness  of  substances,  ^r-.,  or  ^^  •. r»  or  — i r* 

*  /  /^Xn^wletJ- vol.'         uiulec.  vol. 

Now  we  are  informed  (Phil.  Mag.,  Oct.,  1879),  that  Bettone  has 
determined  the  hardness  of  silbstances  b}'  finding  the  time  required 
for  a  steel  drill  to  penetrate  to  a  certain  depth,  and  has  by  this 
means  shown  that  in  fact  the  hardness  of  an  element  is  almost 
precisely  inversely  proportional  to  its  molecular  volume. 

1  can  only  briefly  allude  to  another  theoretical  determination  by 
means  of  which  an  additional  test  can  be  applied  to  the  general 
theoiy.  It  is  that  of  the  j^oints  of  fusion  of  the  elements  whose 
molecular  status  has  been  determined.  The  essential  criterion  of 
the  point  of  fusion  of  an  element  is  that  condition  of  expansion 
and  vibration  of  the  molecular  envelopes  at  which  the  ratio  -  for 
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the  diagonal  fprces  of  the  elementary  cube,  becomes  4.92,  or  the 
molecular  curve  for  these  forces  becomes  tangent  to  the  axis  of 
distances.'*  The  temperature  of  tiie  point  of  fusion  above  the 
absolute  zero  is  accordingly  assumed  to  be  proportional  to  the 
amount  of  heat  energy  required  to  raise  the  molecules  to  this  con- 
dition. From  this  point  of  view  it  may  be  seen,  that  if  we  desig- 
nate b3''  T  the  rise  of  temperature,  from  the  absolute  zero  to  the 

point  of  fusion,  we  shall   have  T  =  ^"V^  ;   d  representing  the 

neutral  distance  between  the  molecules,  v  the  molecular  volume, 
and/"  the  clectro-molive  force.  In  a  few  instances,  for  reasons 
that  cannot  be  adequatel}^  given,  the  calculations  have  been  made 

by  the  formula  T  =  -^"-^  ;  7  being  the  molecular  volume  of  iron 

and/'  =  — .     Now,  let  Tj  =:  value  of  T  for  wrought  iron,  as  given 
by  the  formula,  To  =  temperature,  in  Fahrenheit  degrees,  above 
absolute  zero,  at  the  point  of  fusion  of  wrought  iron,  and  T'  the 
corresponding  temperature  for  the  substance  considered  ;  and  we 

have  T' =  To  |-^,  and  for  the  point  of  fusion,  F',  F'zii  T'  — 459°. 

In  the  calculations  made  I  have  taken  To=  4400°  F.,  which  is  a 
little  less  (141°  F.)  than  the  value  for  pure  iron,  given  by  Wedding 
(a  standard  German  authority),  and  about  the  same  ajnount,  greater 
than  the  value  assigned  by  Carnelly  (Phil.  Mag.,  Oct.,  1879). 

The  results  of  the  calculations  are  given  in  Table  II.  It  is  not 
claimed  that  the  above  formulae  are  exact,  nor  can  it  reasonably  be 
supposed  that  all  the  molecular  data  employed  have  been  accurately 
determined  in  this  first  attempt  in  an  entirely  new  field  of  investi- 
gation. It  would  seem,  however,  that  the  calculated  results  are 
suflflcient  approximations  to  the  experimental  determinations  to 
lend  an  additional  support  to  the  general  theory,  and  justify  the 
assumptions  made  in  the  process  of  calculation  ;  as  well  as  furnish 
a  desirable  verification  of  previous  molecular  computations. 

In  bringing  this  paper  to  a  conclusion,  I  would  ask  attention  to 
the  fact  that  in  this  and  my  former  papers,  to  which  reference  has 
been  made,  definite  numerical  results  have  been  obtained  in  several 
departments  of  Molecular  Physics  in  which  no  exact  investigations 
have  been  found  possible  from  the  ordinary  molecular  point  of 
view,  and  precise  experimental  tests  have  been  applied.  If  these 
results  do  not  suffice  to  induce  the  reader  to  abandon  his  own 
molecular  standpoint  for  that  which  is  here  taken,  he  may  still  be 

*See  Journal  of  Science,  May,  1879,  pp.  34C-7-8,  and  June,  1879,  p.  447. 
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not  unwilling  to  receive  the  molecular  theory  that  has  been  dis- 
cussed as  a  scheme  of  representation^  and  as  a  definite  tvorkinrj 
hypothesis  furnishing  a  basis  for  numerical  computations  in  me- 
chanical, physical  and  chemical  fields  of  research.  Let  it  here  be 
understood  that  the  point  of  view  we  have  assumed  does  not  call 
upon  us  to  discard  any  of  the  established  principles  of  the  mechan- 
'  ical  theory  of  heaty  nor  to  abandon  tiie  doctrine  of  energy.  For 
the  basis  of  the  present  molecular  theory  is  as  truly  dynamical  as 
is  that  of  the  alternative  theory  commonly  held.  It  is  the  dynam- 
ical system  alone  that  is  different. 

But  little  assured  progress  has  hitherto  been  made  toward  a 
physical  theory  of  chemical  phenomena.  It  is  true,  diligent  use 
has  been  made  of  the  cumbrous  hypothesis  of  compound  molecules, 
capable  of  breaking  up  into  a  host  of  independent  atoms,  at  a 
summons  issuing  from  the  depths  of  the  unknown,  and  then  mar- 
shalling themselves  anew  into  other  complex  groups  ;  but  no  defi- 
nite conception  has  3-ct  been  reached  of  this  great  complexity  of 
change  as  a  mechanical  process.  It  is  at  best  but  a  hypothetical 
representative  scheme.  In  place  of  such  vague  and  complex  con- 
ceptions we  now  offer  the  h3pothesis  of  simple  ultimate  molecules, 
consisting  of  single  atoms  of  each  substance,  surrounded  by  ethe- 
real atmospheres  which  expand  and  contract  as  a  consequence  of 
inequalities  in  their  mechanical  state,  and  thus  bring  the  dissimilar 
molecules  into  corresponding  mechanical  conditions  and  capabili- 
ties. We  trust  that  what  has  now  been  offered  in  its  support  may 
secure  for  it  serious  consideration. 

Let  me,  in  conclusion,  epitomize  the  whole  discussion  undertaken 
in  this  and  previous  papers,  in  two  general  statements. 

(1).  It  has  been  shown  that  the  mechanical  laws  and  specific 
relations  of  bodies,  in  the  three  different  states  of  aggregation, 
may  be  deduced  from  one  general  molecular  formula ;  and  that 
from  their  atomic  weights  and  certain  comparative  dimensions  as- 
signed to  their  atoms,  may  be  derived  definite  expressions  repre- 
sentative of  the  various  properties  of  special  substances. 

(2).  We  see  that  the  diverse  phenomena  of  inanimate  nature 
are  but  ditferent  consequences  of  variations  of  ethereal  tension, 
produced  by  propagated  ethereal  waves  of  varying  tension  ;  and 
that,  contemplated  from  the  highest  point  of  view,  thc}'^  may  be  con- 
ceived to  residt  from  the  operation  of  one  primary  form  of  force 
on  one  primordial  form  of  matter. 
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On  the  Force  of  Effective  Molecular  Action  ;  and  the 
Mechanical  Properties  and  Laws  dependent  on  it.  By 
William  A.  Norton,  of  New  Haven,  Conn. 

[adstract.] 

This  paper  is,  for  the  most  part,  a  connected  review  of  several 
topics  discussed  in  former  papers  published  in  the  American 
Journal  of  Science.^     It  was  read  by  title  only. 


On  a  Simple  Device  for  Projecting  Vibrations  of  a  Liquid 
Film  without  a  Lens.  By  H.  S.  Carhart,  of  Evanston, 
111. 

Sedley  Taylor's  Phoneidoscope,  for  obtaining  vibrations  in  a 
liquid  film,  employs  a  horizontal  film,  and  conveys  the  vibrations 
to  an  enclosed  mass  of  air  by  means  of  a  rubber  tube  and  a  flin- 
nel.  In  this  case  the  figures  obtained  are  viewed  directly  without 
projection. 

Before  the  publication  of  Mr.  Taylor's  method  in  ''Nature," 
March  28,  1878,  I  had  ahead}^  succeeded  in  obtaining  projections 
of  such  sound-figures  by  means  of  the  lantern.  A  tin  tube,  five 
centimetres  in  diameter,  was  closed  at  one  end  with  parchment, 
and  at  the  other  with  a  film  of  soapy  water  strengthened  with 
glycerine.  This  film  was  held  obliquely  in  the  light  in  front  of 
the  lantern  condenser ;  a  lens  in  the  path  of  the  reflected  beam 
formed  an  image  of  the  film  crossed  with  colored  bands.  The 
vibrations  of  the  voice,  taken  up  by  the  parchment,  are  communi- 
cated to  the  enclosed  air  and  thence  to  the  film.  This  method 
possesses  the  very  important  advantage  of  not  disturbing  the  film 
with  the  breath,  as  in  the  case  of  a  tube  open  next  to  the  mouth. 

Accident  led  to  a  simplification  of  this  method  when  sunlight  is 
used.  The  simplest  apparatus  that  will  effect  the  desired  object 
is  most  serviceable  in  illustrating  science.     I  do  not  hesitate, 

» See  Journal  of  Science,  March,  1879,  May  and  June,  1879. 
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therefore,  to  present  this  very  simple  instrument,  designed  to  pro- 
ject on  a  screen  by  means  of  sunlight,  the  sound-figures  in  a  liquid 
film  produced  either  by  the  voice  or  by  an  organ-pipe.  No  lens 
or  mirror  is  employed,  the  film  being  made  to  project  an  image  of 
itself.  With  sunlight  directed  horizontally  into  a  window  b}- 
means  of  a  porte-lumiere,  the  instrument  contains  in  itself  all  that 
is  necessary  for  projection. 

A  short,  thick  tube  of  wood  is  furnished  at  one  end  with  a  tele- 
phone mouth-piece  and  ferrotype  plate  ;  the  other  end  has  attached 
to  it  a  funnel  about  ten  centimetres  in  diameter,  blackened  within 
and  without.  Near  the  middle  of  the  tube  a  stop-cock  is  inserted. 
A  film  is  obtained  in  the  open  funnel  in  the  usual  way,  and  is  then 
slightly  distended  by  blowing  air  into  the  enclosure  through  the 
stop-cock.  The  stop-cock  being  closed,  the  apparatus  is  air-tight, 
and  the  film  retains  a  nearly  constant  curvature.  This  convex 
film,  held  in  the  beam  of  light  at  the  proper  angle,  causes  the 
reflected  rays  to  diverge  and  produces  a  greatly  enlarged  image 
of  itself  on  the  screen.  The  degree  of  magnification  is  completely 
under  control,  since  it  is  dependent  on  the  curvature  of  the  film. 
If  the  curvature  has  been  made  too  great,  the  contractile  power  of 
the  film,  due  to  its  surface  tension,  may  be  made  to  expel  some  of 
the  enclosed  air  through  the  open  stop-cock. 

Upon  singing  a  sustained  note  at  the  mouth-piece,  concentric 
circles,  distorted  into  ellipses  by  oblique  projection,  appear  upon 
the  screen.  These  can  be  kept  sufficiently  steady  to  permit  of 
photographing  them.  Two  photographic  negatives  were  taken 
from  the  screen  on  which  the  projections  were  made.  One  of 
them  exhibits  clearly  what  I  have  not  been  able  to  make  out 
on  the  screen,  viz. : — a  division  of  the  film  into  segments  with  in- 
distinct nodal  lines  radiating  from  the  centre,  like  the  nodal  lines 
on  a  circular  plate  of  glass  clamped  at  its  centre. 

By  placing  a  cap  provided  with  a  rubber  band,  and  having  a 
square  opening  made  in  it,  into  the  open  end  of  the  funnel,  a  film  of 
diff*erent  shape  is  obtained.  It  is  then  observable  that  only  notes 
of  a  definite  pitch  at  the  mouth-piece  agitate  this  film  in  a  well- 
defined  manner  ;  that  is,  produce  in  it  ''stationary  waves."  When 
a  definite  configuration  is  obtained,  it  is  found  to  consist  of  a 
reticulated  pattern  of  lozenge-shaped  figures.  Bright  points  are 
noticeable  at  every  other  intersection  of  the  lines,  appearing  like 
knots  tied  in  the  interlaced  cords  of  a  net.     Organ  pipes  produce 
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these  figures  with  more  certainty  and  definiteness  than  the  voice. 
With  a  triangular  opening  in  the  cap,  the  distended  film  is  too 
much  distorted  from  the  spherical  form  to  yield  a  clear  image. 
In  this  case,  with  a  flat  film  a  lens  may  be  employed  to  obtain  the 
image.  Let  a  clear  musical  note  then  be  sung  near  the  mouth- 
piece of  the  apparatus  ;  immediately  the  field  of  color  is  covered 
with  an  exquisite  pattern  of  fixed,  hexagonal  figures,  the  colors 
presenting  at  the  same  time  the  appearance  of  flowing,  sometimes 
irregularly  and  sometimes  around  fixed  centres.  With  a  clear, 
sustained  note,  nothing  can  exceed  the  beauty  of  this  combined 
acoustic  and  chromatic  display. 


Note  on  the  Zodiacal  Light.     By  Henry  Carvill  Lewis,  of 

Germantown,  Pa. 

[abstract.]* 

The  results  of  a  series  of  observations,  made  by  the  writer, 
ui)on  the  zodiacal  light  extending  over  a  period  of  nearly  five  years, 
are  here  recorded.  The  special  precautions  taken,  both  to  train  the 
e3'e  to  detect  faint  lights,  and  to  prevent  bias  on  the  part  of  the 
observer,  are  given  in  detail. 

The  zodiacal  light  is  divided  into  three  portions— the  zodiO' 
cal  cone;  the  zodiacal  band;  and  the  gegenscJiein.  This  divi- 
sion is  convenient  in  observation,  saves  conflision  in  description, 
and  may  be  in  part  a  natural  one. 

Tlie  zodiacal  cone.  —  This,  the  zodiacal  light  proper  of  most 
authors,  is  the  well-known  cone  of  light  rising  along  the  ecliptic, 
and  best  seen  in  the  winter  months  in  the  west,  immediately  after 
the  disap[>earance  of  twilight.  The  time  of  shortest  twilight 
coincides  with  its  greatest  brillianc}'.  Several  observations  are 
given  when  the  writer  saw  it  cast  a  distinct  shadow  at  that  time. 
Itscompai'ative  brightness  with  the  Via  Lnctea  at  different  seasons 
are  given,  and  its  relation  to  the  ecliptic  discussed.  It  was  stated 
that  the  cone  in  our  latitude  is  not  symmetrical ;  and  that  while  its 

1  rublislied  iu  fuU  in  Aiuer.  Joiir.  Sc.  and  .Vi'ts,  December,  1880. 
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axis  of  greatest  brightness  lies  exactly  upon  the  ecliptic,  its  axis 
of  symmetry  is  north  of  that  line.  An  inner  short  cone  of  greater 
brightness  was  described.  The  warm  color  was  thought  to  be  due 
to  atmospheric  absorption.  No  pulsations  were  ever  observed 
which  could  not  be  explained  either  by  atmospheric  changes  or  by 
changes  in  the  eyesight  of  the  observer.  No  periodic  changes  in 
the  zodiacal  light  were  observed ;  the  same  series  of  changes 
occurring  each  year  with  an  equal  amount  of  brilliancy.  It  was 
shown  that  while  the  zodiacal  cone  is  frequently  seen  by  moonlight, 
the  moon  appears  to  have  no  appreciable  influence  upon  it.  Tiie 
account  of  the  zodiacal  cone  closes  with  a  description  of  its  spec- 
trurriy  which  is  always  continuous  and  free  from  bright  lines. 

The  zodiacal  band. — This  is  an  extremely  faint  zone  of  light, 
somewhat  wider  than  the  Via  Lactea,  which,  like  a  strip  of  gauze,  is 
stretched  across  the  sky  along  the  zodiac  from  horizon  to  horizon, 
and  which  can  be  seen  at  all  times.  It  is  a  belt  which  forms  a  very 
faint  prolongation  of  the  zodiacal  cone,  and  which,  like  it,  is  best 
seen  when  the  ecliptic  makes  a  large  angle  with  the  horizon.  It  is  so 
faint,  that  it  can  only  be  seen  with  difficulty.  It  is  brightest 
along  an  inner  line,  and  fades  off  more  suddenly  on  its  southern 
than  on  its  northern  edge.  It  has  a  width  of  about  12°,  and  its 
central  line  is  slightly  north  of  the  ecliptic.  Observations  prove 
the  zodiacal  band  to  be  a  constant  and  invariable  phenomenon. 

TJie  gegenschein,  —  The  gegenschein  is  a  faint  patch  of  light, 
apparently  some  7®  in  diameter,  which  nightly  appears  in  that 
part  of  the  zodiacal  band  which  is  180°  from  the  sun.  Night 
after  night  it  shifts  its  place  so  as  to  keep  opposite  to  the  sun. 
It  is  decidedly  brighter  than  the  zodiacal  band,  and  frequently  a 
central  nucleus  about  2°  in  diameter,  of  greater  brightness,  can  be 
observed.  While  the  brighter  portion  of  the  gegenschein  is  cir- 
cular, its  faint  boundaries  have  sometimes  the  form  of  an  oval, 
whose  major  axis  is  parallel  to  the  ecliptic.  A  large  number  of 
maps  of  its  position  among  the  stars  have  been  made,  which  show 
that  while  its  central  point  is  always  180°  in  longitude  from  the 
sun,  it  has  a  latitude  of  -f-  2°. 

The  moon  zodiacal  light. — An  oblique  cone  of  light  in  the  prox- 
imity of  the  moon  was  described  by  Rev.  G.  Jones,  but  has  not 
been  detected  by  the  writer.  The  lisjiit  proce<ling  moonrise  rises  at 
light  antjles  to  the  horizon,  and  seems  pui  el>'  atmospheric.  One  ol>- 
servcr  has  described  comet-like  tails  on  either  side  of  the  moon. 
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The  writer  holds  that  such  appearances  are  caused  by  diffraction 
through  floating  vapor,  since  they  are  not  seen  on  clear  nights. 
The  horizon  light, — The  phenomenon  to  which  this  name  is  ap- 
plied, though  having  no  connection  with  the  zodiacal  light,  is  so 
continually  observed  with  the  latter,  and  at  certain  seasons  is  so 
apt  to  be  confounded  with  portions  of  it,  that  it  is  necessary  to 
take  it  into  account.  The  horizon  light  is  a  faint  band  of  light 
with  parallel  sides,  lying  all  around  and  parallel  to  the  horizon, 
and  separated  from  it  by  an  interval  of  darkness.  It  is  brightest 
and  terminates  most  abruptl}'^,  on  its  lower  edge.  This  sharp  lower 
edge  is  5®  above  the  horizon,  while  the  diffuse  upper  edge  varies 
in  altitude  with  the  state  of  the  atmosphere.  The  horizon  light 
has  a  mean  width  of  about  i  5°.  It  is  purely  atmospheric  and  appears 
to  be  caused  by  reflected  starlight.  It  becomes  very  bright  when  the 
moon  is  above  the  horizon.  Below  the  horizon  light  is  a  dark 
space,  here  called  for  convenience,  the  absorption  band.  This 
quenches  the  light  of  the  Via  Lactea,  the  zodiacal  cone,  and  all 
but  the  largest  stars  and  planets.  When  the  ecliptic  is  low,  the 
horizon  light  frequently  blends  with  the  zodiacal  band. 


The  Aurora  and  Zodiacal  light  of  Mat  2,  1877.     By  Henry 
Carvill  Lewis,  of  Germantown,  Pa. 

Although  the  Aurora  of  May  2,  1877,  as  seen  from  German- 
town,  Pa.,  was  not  a  remarkable  one,  either  for  brilliancy  or  for 
beauty  of  coloring,  yet  special  interest  is  attached  to  it  from  the 
fact  that  it  was  seen  in  conjunction  with  the  Zodiacal  Cone,  and 
direct  comparisons  could  be  made  between  the  two  phenomena. 

No  auroras  had  been  noticed  for  several  3'ears  previously,  it 
being  a  period  of  minimum  auroral  intensity.  The  aurora  was 
first  observed  at  8.35  p.  31.,  when  it  was  brighter  than  at  any  sub- 
sequent time.  It  then  consisted  of  a  bright,  nebulous  mass  of 
light  along  the  northern  horizon,  arched  above,  extending  from 
Auriga  to  Cygnus.     Polaris    was  over   about   the  centre  of  this 
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arch,  from  all  parts  of  which  numerous  streamcrB  darted  upward 
toward  the  zenith. 

Meanwhile,  the  zodiacal  cone  rose  obliquely  along  the  ecliptic, 
farther  west.  It  was  a  much  less  conspicuous  object  than  it  had 
been  two  months  before,  when  twilight  was  shorter.  It  was  in  no 
way  altered  from  its  usual  appearance  at  this  season,  by  the  pres- 
ence of  the  aurora.  The  southern  edge  of  the  cone  was,  as 
usual,  better  dclhied  and  more  vertical  than  the  northern  edge  ; 
while  the  axis  of  greatest  brightness,  corresponding  closely  with 
the  ecliptic,  lay  south  of  the  axis  of  S3'mnietry.  Its  base  was 
widened  out  ])y  atmospheric  diffraction,  and  its  apex  merged  into  the 
zodiacal  band.'  It  was  of  about  the  same  pale  color  as  the 
aurora,  having  lost  the  warm  color  which  can  be  noticed  at  its 
maximum  of  brightness.  Unlike  the  flickering  streamer  of  the 
aurora,  it  remained  perfectly  stead}',  and  showed  no  fluctuations 
of  brighluess.  It  was  bright  until  about  nine  o'clock,  and  then, 
as  its  lower  portion  sunk  below  the  horizon,  gradually  became 
more  and  more  faint,  until  it  could  be  no  longer  recognized. 

The  aurora  went  through  a  number  of  changes  in  detail,  al- 
though maintaining  the  same  general  appearance  for  more  than 
an  hour.  An  arch,  entirely  disconnected  with  the  lower  arch, 
would  sometimes  form  completely  in  a  few  seconds.  This  upper 
arch  was  composed  of  a  number  of  very  short  rays  placed  laterally 
one  along  side  of  the  other ;  and  the  arch  extended  by  the  ad- 
dition of  more  short  ra^'s.  Sometimes  small  clouds  of  light,  not 
unlike  cirrus  clouds,  formed  near  the  horizon  upon  the  longer  rays, 
without  interrupting  them.  Once  an  arch  composed  of  short  rays, 
each  of  which  was  some  3°-4°,  and  every  fourth  or  fifth  of  which 
was  longer  and  brighter  than  the  others,  formed  suddenly  and 
simultaneously  across  the  sky,  stretching  from  the  zodiacal  cone, 
against  which  one  extremity  api)arcntly  rested,  to  a  point  in  Ce- 
pheus.  New  streamers  were  continually  added  to  it  in  the  east, 
and  the  short  streamers  composing  it  apparently  drifted  very 
slowly  westward.  At  9.27,  this  arch  disappeared  entirely  in  the 
course  of  a  few  seconds.  At  9.34,  it  was  again  formed,  stretching 
from  <?  Taurus  to  /?  Cepheus,  and  consisting  as  before,  of  short 
rays. 

At  the  formation  of  each  arch,  or  when  a  now  streamer  is  shot 
forth,  the    nebulous  mass  of  lii^ht  near  the  horizon   would   greatly 

*  Nolo  oa  the  Zudiacal  Light,  by  II.  C.  Lcwia.    Aiucr.  Jour.  Scicucc,  December,  1880. 
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brighten,  as  though  it  were  a  cloud  illuminated  by  flashes  of 
light.  The  streamers  were  nearly  parallel  to  one  another,  their 
centre  of  divergence  lying  below  the  horizon.  They  were  quite 
straight,  and,  unlike  clouds,  sharply  defined  on  their  edges.  Often 
a  streamer  seemed  best  defined  on  the  edge  nearest  the  centre  of 
the  aurora.  At  one  time,  it  was  thought  that  a  number  of  the 
streamers  on  the  eastern  half  of  the  aurora  were  bent  over  at  their 
upper  portions  toward  the  east,  as  though  blown  by  a  wind.  The 
streamers  were  ])righter  and  higher  at  the  extreme  east  and  west 
of  the  aurora,  than  at  its  central  northern  portion.  The  color  of 
the  streamers  and  of  the  bank  of  light  below  them  was  palo 
greenish-white.  At  first,  a  few  short  streamers  of  a  warmer  tint 
were  occasionally  seen. 

At  9.33,  the  zodiacal  cone  being  now  low  down  towards  the 
horizon,  and  pointing  towards  Praesepe,  a  very  remarkable 
auroral  streamer  formed  low  down  in  the  west.  It  was  a  bright, 
short  streamer,  probably  2°  or  more  in  width,  which  pointed  veiy 
slightly  west  of  0  Gemini.  It  started  from  near  Aldebaran,  now 
below  the  horizon,  passed  between  /5  and  C  Tauri,  and  reached 
Auriga  between  x  and  0,  It  was  thus  close  to  the  edge  of  the 
zodiacal  cone. 

This  streamer  remained  in  the  same  position  for  nearly  an  hour. 
It  was  remarkably  steady,  and  was  not  unlike  a  pale  grayish-green 
comet's  tail.  For  the  first  ten  minutes,  it  was  without  any  fluc- 
tuations. The  arch  died  awaj^  but  this  remained,  until  at  9.43, 
it  too  nearly  disappeared,  leaving  only  a  trace  of  its  position. 
Before  ten  o'clock,  it  was  again  bright.  At  10.03,  the  rest  of  the 
aurora  was  dim,  and  no  other  streamers  appeared.  It  was  now 
very  conspicuous,  and  remained  so  until  nearly  half-past  ten, 
when  it  finally  died  away, —  a  faint  haze  on  the  northern  horizon 
alone  remaining.  All  this  time,  as  seen  from  the  position  of  this 
streamer  back  of  certain  trees  and  its  angle  with  the  horizon,  it 
had  maintained  precisely  the  same  position  with  reference  to  the 
earth. 

Meanwhile,  the  heavens  had  revolved  past  it,  the  stars  first 
noticed  had  moved  beyond  it,  and  the  zodiacal  cone  had  set. 
The  streamer  had  remained  like  a  great  pointer  fixed  to  the  earth, 
marking  its  motion.  While  the  zodiacal  cone  gradually  sank 
below  the  horizon,  the  auroral  streamer  had  retained  its  position, — 
a  circumstance  well  illustrating  the  cosniical  character  of  the 
former  an<l  the  terrestrial  character  of  the  latter. 
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Another  fact  pointing  to  the  same  conclusion  was  found  in  the 
difference  of  their  spectra.  In  the  early  part  of  the  evening, 
while  both  the  zodracal  cone  and  the  aurora  were  at  their 
brightest,  an  opportunity  was  taken  to  compare  their  spectra. 
The  observations  were  made  with  Eaton's  direct  vision  spectro- 
scope. 

The  zodiacal  cone  gave  a  faint,  short,  continuous  spectrum, 
brightest  near  its  least  refrangible  end.  It  was  most  sharply 
terminated  at  the  same  end,  fading  off  gradually  toward  the  more 
refrangible  end.  It  was  very  faint  throughout,  and  could  be  seen 
only  through  a  wide  slit. 

The  aurora  gave  a  spectrum  much  longer  than  that  of  the 
zodiacal  cone,  though  of  about  the  same  pale  greenish  color. 
At  or  close  to  the  less  refrangible  end  was  a  sharp,  bright  line  of 
a  grayish-green  color.  The  spectrum  from  this  line  toward  the 
more  refrangible  end  was  continuous  and  gradually  diminishing  in 
brightness,  except  that  a  very  faint  brightening  near  the  blue 
showed  that  a  brighter  aurora  might  have  given  a  line  at  that 
place.  The  green  line  of  the  aurora  could  be  seen  with  a  very 
much  narrower  slit  than  that  required  to  see  the  spectrum  of  the 
zodiacal  cone.  If  the  spectra  of  the  aurora  and  the  zodiacal 
cone  could  be  superposed,  it  would  be  found  that  the  green  line 
of  the  former  is  close  to  the  more  refrangible  end  of  the  spectrum 
of  the  latter. 

The  spectra  show  that  while  the  light  of  the  zodiacal  cone  is 
polychromatic,  that  of  the  aurora  is  nearly  monochromatic,  or,  as 
it  might  be  expressed,  oUgO'Chromatic,  The  former  is  such  as 
would  be  given  by  sunlight  reflected  on  diffuse  matter  in  space  ; 
the  latter  might  be  given  by  an  electrical  discharge  through  a  gas. 

Later  in  the  evening,  the  faint  zodiacal  band  was  observed 
stretching  completely  across  the  sky  along  the  ecliptic,  while  a 
round  patch  of  light  on  the  boundary  between  Virgo  and  Libra, 
lying  apparently  about  3°  above  the  ecliptic,  is  recognized  as  the 
Gegenschein. 

It  is  perhaps  worth  noting  that  no  change  of  consequence  in 
the  weather  or  temperature  took  place  during  the  two  or  three 
days  preceding  and  following  this  aurora. 
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Experiments   on  the   Strength  op  Yellow  Pine.     By  Prof. 
K.  II.  Thurston,  of  Iloboken,  N.  J. 

[  VnSTRAOT.] 

In  a  paper  read  at  the  Saratoga  meeting  of  the  American  Asso- 
ciation for  the  Advancement  of  Science  the  writer  presented  tlie 
result  of  a  series  of  experiments  on  the  strength  of  timber,  in 
which  were  given  several  unusual  figures.^ 

To  determine  how  far  these  results  were  due  to  peculiarities  of 
tlie  selected  samples  supplied  from  the  Navy  Yard,  and  to  determine 
to  wiiat  extent  size  affects  the  resistance,  a  more  extended  series 
of  transverse  tests  were  made,  and  the  results  of  experiments  upon 
yellow  pine,  of  the  ordinary  market  qualities  and  of  various  di- 
mensions, are  now  presented  below,  as  determined  in  the  Mechan- 
ical Laboratory  of  the  Stevens  Institute  of  Technology. 

In  the  paper  referred  to,  the  modulus  of  elasticity  was  given  for 
yellow  pine  as  an  extraordinarily  high  figure.  It  will  be  observed 
that  the  best  wood  here  described  gives  also  ver}'  high  values  of  J^, 
and  a  comparison  of  the  pieces  of  the  first  with  these  test  speci- 
mens shows  the  selected  Navy  Yard  specimen  to  have  been  of 
better  material  than  either  of  the  latter. 

Samples  marked  Fj,  Fj,  Fg,  were  from  the  same  plank — a  piece 
of  yellow  pine  cut  in  Georgia,  April,  1879,  and  tested  after  sev- 
eral months  of  seasoning,  when  it  had  become  thoroughly  dry. 
The  three  specimens  were  considered  good  material.  F^  was  not 
straight-grained  and  broke  obliquel}',  giving  a  much  lower  modulus 
of  elasticity,  as  well  as  of  mixture,  than  its  companion  specimens. 

Samples  Bj,  Bg,  B3,  were  cut  from  a  stick  ten  inches  square  in 
section,  which  had  been  lying  under  cover,  seasoning,  nine  or  ten 
years.  Numbers  1  to  12,  inclusive,  were  small  sticks  sawn  out  of 
the  middle  of  a  plank,  originally  four  inches  thick,  one  foot  wide, 
and  twenty-four  feet  long.  A  stick  was  first  cut  three  inches 
square  and  twenty-four  feet  long,  which  was  then  cut  into  strips 
of  varying  smaller  dimensions.  The  wood  was  selected  from 
lumber-yard  stock,  and  was  considered  to  be  fairly  representative 
of  average  timber.  It  was  cut  in  Florida,  in  October,  1879,  and 
reached  Hoboken  in  January,  1880. 

lAmong  these  were  several  due  to  printers'  errors,  which,  owing  to  the  illness  of 
the  writer,  were  not  corifrioil  in  proof.  The  tenacity  of  yellow  pine,  for  example,  was 
made  2070.3  when  it  should  liave  been  given  at  20,70ti, 
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Specimens  1  to  8,  inclusive,  were  too  green  for  use  in  construc- 
tion ;  Nos.  9, 10  and  11  were  kiln-dried  56  hours,  at  a  temperature 
of  130^  Fahr.,  No.  12  was  dried  12  hours,  at  210°  Fahr.,  at  wliich 
temperature  the  pitch  exuded  from  the  wood  quite  freely.  Still 
another  specimen,  not  here  recorded,  was  heated  Ij-  hours  at  420° 
F.f  and  was  somewhat  charred.  Under  test  it  gave  a  modulus  of 
rupture,  i2=9000. 

In  the  table  containing  a  resume  of  results  is  also  given  the 
figures  obtained  in  the  earlier  experiments  on  selected  Navy  Yard 
material,  marked  J  and  those  of  a  sample,  K,  tested  by  another 
observer.* 

Specimens  A,  A),  were  picked  up  in  a  workshop,  and  used  simply 
to  determine  specific  gravity ;  they  were  probably  not  the  best 
southern  long-leaved  pine,  such  as  it  was  intended  that  the  samples 
tested  should  be. 

*Van  Noitrand's  Magazine,  Feb.,  1880,  p.  16G. 
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The  following  table  contains  the  values  of  the  Moduli  of  Rupture 
and  of  Elasticity  deduced  from  the  whole  series  of  experiments : 


Table  l.^ Strength  of  Yellow  Pine  TimUr. 


Condition. 

No.  of 

Ten 

Piece. 

1 

Dimensions. 

2=rdi.'9t»nco  be- 

twccu  bupporu. 

""4-i6rf* 

Weight 

)>er 
cub.  1$. 

Spec. 
Grav. 

Very 
dry. 

1 
Ft 

2  ins. 
54 
54 
54 

h  ins. 
2.S«9 
2.972 
3.U16 

d  ins. 

2.m« 

3.008 
3.000 

12,700 

12.050 

9,850 

i*9«2,do6 
1,826,000 

Pounds 
41.03 
46.72 
40.27 

O.fiO 
0.73 
0.64 

Old  and 

Uioroughly 

AeuHuucd. 

IJ3 

6( 
54 
54 

.^.048 
3.016 
3.012 

3.03(; 

3.av) 

3.017 

IS.aM) 
13,710 
14,780 

2.178.000 
1.919.000 
2,193,000 

48.89 
47.14 
46.38 

0.78 

75 

2.74 

Too 

green 

for 

use. 

1 
2 
3 

4 

6 
6 

7 
8 
8a 

40 

40 

40 

40 

5i 

64 

24 

24 

40 

1.285 

1.285 

1.286 

1.270 

2.9.10 

2.925 

3.06 

3.032 

3.033 

1..315 

1.2Jr» 

1 .2i»r> 

1.J87 

2.930 

2.925 

0.70 

0.i;75 

0.675 

12.150 
12.530 
10.810 

il,:«o 

10,790 
10.940 
12,000 

i3,'24d 

2.171000 
1.796.00O 
1,953AJ00 

2^427,006 
2.231,000 

2,279,006 
2,086,000 

62.85 
62.85 

0.84 
1.006 

Kilndricd 

5fi  hours 

at  130*  F. 

9 
10 
11 

54 
40 
40 

2.8&*i 
1.249 
1.-244 

2.875 
1.275 
1.274 

12,100 
17.260 
14,500 

2,*.'ii4Vobo 

2,64a,000 

64!846 

6.88 

12h8.at210'F.        12 

40 

1.229 

1.242 

13,870 

2.489,000 

61.Si7 

0.83 

K 

40 

1.23 

1.23 

14,054 

1,892,510 

87.72 

0.60 

J 

54 

3.0 

3.0 

10,740 

3,634,727 

47.95 

0.77 

A 

39.04 
39.50 

0  fn 

Ai 

' 

0  (ili 

SaDWood  fVom         V- 

2,'239,bb6 

36.90 

0.57 

Average 

-  s 
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Calculating  E=^^^^  for  heavy  loads  and  considerable  deflec- 
tions, the  following  figures  were  obtained  for  this  pseudO'nioi\u\ua : 

Table  II? —  Values  of  E  at  one-third   to   one-half  total  load. 

No.             E.  Ni>.           E.  No.           E, 

Fj  2,136,000  1  2,055,000             7     

F3     1,689,000  2  1,776,000  8     2,086,000 

B,     2,394,000  3  2,032,000  9     2,251,000 

Bo  2,334,000  4  10     2,869,000 

B3  2,489,000  5  2,272,000  11     2,574,000 

6  2,231,000  12     2,380,000 

Average  2,098,000 

As  a  general  rule,  the  maximum  figure  was  given  at  one-third, 
rarely  at  one-half,  and  about  as  often  at  the  beginning  of  the  test. 
The  latter  case  occurred  most  frequently  with  the  unseasoned 
timber. 

From  the  test  of  B,  we  obtained 

Table  III. 
TT.  E,  W,  E.  W.  E. 

50     2,178,000  450     2,288,000         1050  2,363,000 

150     2,249,000  650     2,327,000         1250  2,381,000 

250     2,259,000  850     2,350,000         1450  2,394,000 

4750  Broke. 


Average        2,309,888 

Heavy  loads,  long  applied,  produced  fracture  of  pieces,  the 
companions  to  which  resisted  considerably  more  when  the  load  was 
steadily  increased  up  to  the  moment  of  fracture.  The  maximum 
permanent  load  was  apparently  something  less  than  one-third  and 
probably  greater  than  one-half  the  maximum  load  which  could  be 
sustained  under  ordinary  test. 

A  set  of  four  yellow  pine  beams  of  large  section  was  tested  to 
determine  the  value  of  the  Modulus  of  Elasticity  in  large  timbers, 
and  also  to  ascertain  whether  experiments  upon  small  sticks, 
such  as  are  usually  tested,  may  be  relied  upon  to  give  correct 
values  of  this  coefficient. 
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The  following  figures  were  obtained  : 

Table  IV.  —  Elasticity  of  Yellotv  Pine  Timber. 


Size.    Indies. 


b. 


rf.        /. 


0.187    8.5         lU 
G.T3      8. 
6.875    8.25 
C.7.>    8.r;75        480 


200 
150 


(•200) 


Weight. 

Lb**.  ]>ev 

cu.  It. 


40.  i:) 
41.2 

•  •  •  • 

4.-).*:7 


Spec. 

Max.  load. 

Grav. 

P 

0.C4 

5IG0 

0.6G 

•  ■  •  • 

0.72 

5813 
I  1850  \ 

(5i»ooS 

GJO 

Mnx. 

deflection. 


0.7052 

.3.8916 

SO. IH75  % 
2.20  > 
3.231 


E  = 


P«  /» 


\vcrago. 


1.110,247  (•) 

895,029 
1,708,070  (9) 


Avcrngo  of  all  experiments  m.idc 


1.387,150 


'  Arernge  of  trials  nt  /=  IV)  t'>  200. 

'  Average  of  trials  nt  /=  150  to  200,  and  beams  in  different  positions. 


Kos.  1  and  2  of  this  lot  were  of  poor  quality ;  the  latter,  par- 
ticularly, was  somewhat  shaky,  yet  it  fairly  represents  much  of  the 
timber  which  finds  its  way  into  important  constructions. 

From  the  whole  series  of  experiments,  of  which  the  briefest  possi- 
ble statement  of  the  results  obtained  is  here  given,  the  conclusion 
mny  be  drawn  that : 

The  elasticity  of  yellow  pine  timber  as  used  in  construction  is 
very  variable,  the  modulus  varying  from  one  to  three  millions,  the 
average  being  about  two  millions  in  small  sections,  and  a  little 
above  one  and  a  half  millions  in  large  timber  (Tables  I,  IV). 

The  highest  values  are  as  often  given  by  green  as  by  seasoned 
timber,  and  that,  under  sixteen  square  inches  section  and  fifty-four 
inches  length,  at  least,  tlie  magnitude  of  the  modulus  of  elasticity 
is  independent  of  the  size  of  the  piece  (Table  I). 

The  density  of  the  wood  docs  not  determine  the  modulus ;  since 
the  figure  varies  sometimes  directly  and  sometimes  inversely  with 
the  density,  even  where  the  wood  is  as  nearly  as  possible  in  the 
same  condition  as  to  seasoning. 

A  high  modulus  usually  accompanies  high  tenacity  and  great 
transverse  strength,  but  it  is  not  invariably  the  fact  that  maximum 
ultimate  strength  is  accompanied  by  initial  stitfness  (Table  I). 

The  pseudo  moduli,  determined  by  taking  considerable  deflec- 
tions, are  usually  not  greatly  different  from  those  determined  from 


252  STRENGTH   OF   YRLLOW   PINE  ;    BT   R.    II.    THURSTON. 

small  deflections  and  light  loads.  The  values  of  these  moduli 
may  increase  with  increase  in  deflection  (Table  III). 

An  inspection  of  the  woods  tested  plainly  indicates,  in  the  opin- 
ion of  the  writer,  that  the  density  of  the  pines  is  so  consi<leral)ly 
modified  by  tiie  amount  of  pitch  contained  in  the  sap  channels 
that  it  cannot  be  rei^arded  as  indicative  of  the  strentrth  of  the 
timber.  Where  quite  free  from  sap,  the  wood  usually  exhibits 
increase  of  strength  and  elastic  resistance  to  deflection,  with  in- 
crease of  density. 

The  strength  of  timber,  otherwise  similar,  is  greatly  affected  by 
its  structure,  and  the  resistance  offered  to  stresses  applied  trans- 
versely is  greatest  when  tiie  sections  of  the  timber  taken  trans- 
versely exhibit  most  nearly  vertical  lines  of  grain. 

The  modulus  of  rupture  by  transverse  stress  varies,  for  yellow 
pine,  from  72=:  §  ^=  10,000  to  17,000,  the  highest  values  being 
usually  obtained  from  well-seasoned  wood.  An  average  value  may 
be  taken  as  72=  13,000  for  good  timber,  which  in  the  formula  W 

^  C^  gives  C  =  8,666  pounds,  or,  practically,  W=  9,000  -J^,  for 
good  yellow  pine. 

The  modulus  of  rupture  varies  as  irregularly,  and  with  as  little 
regard  to  size  or  density  of  the  material  as  does  the  coefficient  for 
elasticity. 

In  the  use  of  such  materials,  the  only  safe  course  for  the  design- 
ing and  constructing  engineer  is  evidently  to  adopt  a  moilerate 
value  of  the  modulus  in  proportioning  his  work,  and  by  careful 
inspection  and  test  to  secure  the  rejection  of  all  material  which  is 
not  of  good  quality. 

Careful  inspection  may  sometimes  lead  to  the  selection  of  mate- 
rial—  like  the  Navy  Yard  stock  here  described  —  twenty-five  i)er 
cent,  superior  to  the  average  of  good  timber,  and  fifty  per  cent, 
more  valuable  than  the  lower  grades  such  as  are  often  sold  in  our 
markets. 

[For  the  complete  paper  see  Journal  of  the  Franklin  Institute, 
September,  1880], 
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The  Velocity  op  Shot.     By  Alfred  M.  Mayer,  of  Hoboken, 
N.J. 

About  a  year  ago,  I  detenninotl  to  make  a  series  of  experiments 
with  an  undeniably  aeon  rate  chronoscope,  which  would  give  direct 
measures  of  the  velocity  of  fowling-piece  shot  of  various  sizes. 
At  that  time,  I  was  not  aware  that  any  determination  of  this  kind 
had  ever  been  made,  though  similar  ones  on  the  velocities  of  the 
balls  of  ordnance  and  rifles  were  numerous.  Tims  I  began  mj' 
work  entirely  free  from  preconceived  ideas  as  to  what  the  experi- 
ments would  reveal.  It  was  only  toward  the  end  of  my  work, 
when  on  a  visit  to  mv  friend  Professor  Rice,  of  the  United  States 
Naval  Academ}',  that  the  professor  told  me  that  he  had  made  a 
short  series  of  similar  experiments  with  a  Le  Boulange  chrono- 
scope, and  had  published  them  in  the  ''Rod  and  Gun"  in  July, 
1875.  This  paper  I  then  read,  and  I  here  reprint  it  as  an  appendix 
to  my  paper.  My  attention  has  subsequently  been  called  to  the 
works  of  other  experimenters  in  the  same  direction  ;  of  these  I  have 
taken  references,  but  have  purposely  avoided  reading  them. 

I  have  made  this  preamble  to  my  paper  to  show  that  my  exper- 
iments are  to  be  taken  as  entirely  independent  of  other  similar 
work,  for  I  was  not  guided  nor  influenced  during  my  experimenting 
by  a  knowledge  whicii  might  cause  me  to  reject  certain  experiments 
as  erroneous,  because  they  did  not  give  results  which  I  had  thought 
then  should  have  (jiven;  for  no  matter  how  conscientious  an  experi- 
menter may  be,  he  is  sometimes  influenced  by  preconceived  notions, 
and  unwittingly  desires  his  experiments  to  bring  out  certain  results. 
I  have  always  in  my  work  endeavored  to  avoid  this  mental  preju- 
dice, and  have  therefore,  whenever  possible,  worked  in  this  manner : 
viz.,  I  write  down  the  numbers  given  by  the  experiments  as  they 
are  successively  made,  and  do  not  reduce  or  compare  tliem  till 
after  the  whole  series  has  been  finished.  The  reader  will  therefore 
find  in  my  results  apparent  anomalies,  even  contradictions,  or,  if 
3'ou  please,  absurdities.  These  anomalies  are  those  numbers 
which  always  catch  the  eye  of  him  who  does  not  know,  from  ex- 
perience, the  difliculties  and  exhausting  toil  of  a  protracted  series 
of  delicate  experiments;  and  on  these  anomalies  he  will  <lweil  to 
the  exclusion  of  what,  in  the  main,  i\\i\  experiments  conchhsivcly 
show.  To  such  I  say,  with  the  experience  of  twenty-five  years  of 
expcrimeuting :  make  the  experiments  for  yourself  and  do  better, 
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and  for  your  better  work  science  will  be  indebted  and  will  surely 
credit  you  with  3'our  superior  skill  and  patience.  Each  experi- 
mental investigation  is  a  step  in  progress  to  something  better; 
but  without  the  first  step  is  made,  the  firmer  tread  will  not  be 
gained.     (Test  le  premier  pas  qui  coute. 

Nature,  however,  does  not  work  in  an  anomalous,  contradictory, 
or  absurd  manner.  These  anomalies  are  of  our  own  production, 
and  are  due  either  to  the  errors  of  the  apparatus  we  use,  or  to 
certain  peculiar  actions  in  the  phenomena  which  accompany  those 
we  are  particularly  studying.  The  apparatus  detects  and  meas- 
ures both  of  these  classes  of  actions,  and  it  is  the  oflflce  of  the 
investigator,  after  his  experiments  have  been  finished,  to  unravel 
one  from  the  other.  Thus,  for  example,  in  the  flight  of  shot,  we 
have  many  moving  pellets,  and  they  do  not  all  move  with  the 
same  velocity.  No  apparatus  known  can  give  the  velocity  of  each 
pellet  in  a  charge  so  that  we  may  therefrom  deduce  the  average 
velocity  of  the  charge.  80  it  happens  that  with  charges  of  large 
shot,  when  you  have  fewer  pellets,  and  especially  when  these 
charges  are  shot  over  great  distances,  some  pellets  of  high  speed 
may  strike  the  target  and  record  their  velocity,  while  in  the  next 
experiment,  pellets  with  lower  velocity  may  record  themselves; 
and  this  will  unavoidably  happen,  no  matter  how  accurately  we 
hold  the  gun  on  to  the  target.  But  these  very  differences,  shown 
in  the  time  of  flight  of  the  various  pellets,  point  out  an  interesting 
and  important  fact ;  showing  that  such  work  as  we  have  begun 
requires  a  long  time  for  its  completion,  for  the  measures  of  the 
velocities  of  many  charges  of  the  same  weight  of  powder  and  shot 
must  be  made  to  get  the  average  velocity  of  all  the  pellets.  It 
may  be  here  asked  why  I  did  not  do  this.  To  this  question  I 
repl}'  that  I  cannot  aflbrd  to  give  a  year  of  time  to  make  the  first 
step  in  this  subject  of  investigation.  A  rich  field  I  have  pointed 
out  for  other  experimenters  to  enter ;  and  I  trust  that,  since  our 
large  American  arms  manufacturers  are  now  making  fowling-pieces, 
they  will  devote  a  mite  of  their  profits  to  just  such  investigations 
as  this  one,  on  which  I  have  spent  much  of  my  thought,  time  and 
private  means. 

The  errors  of  the  records  of  the  apparatus  itself  can  easily  be 
investigated,  and  they  have  been  accurately  determined.  They 
are  exceedingly  minute  and  cannot  afiect  appreciably  the  results 
of  our  experiments. 
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The  deductions  which  I  make  from  these  experiments  are  those 
which  these  experiments  show,  and  not  what  may  be  shown  in  the 
experiments  of  others.  I  give  these  experiments  of  mine  as 
entirely  independent  evidence  on  tlie  subject  of  the  velocity  of 
shot,  and  of  course  my  readers  may  give  them  just  as  little  or  as 
great  weight  as  their  individual  judgments  maj'  determine.  That 
they  have  been  conscientiously  and  carefully  made,  no  one  will 
doubt  who  has  had  any  experience  in  the  use  of  chronoscopes 
used  in  measuring  the  velocity  of  projectiles. 

1  do  not  think  that  the  sportsman  and  experimental  ])hy8icist 
are  often  found  in  one  person,  even  in  this  country — still  less  in 
Europe.  From  my  youth  I  have  been  devoted  to  everything 
relating  to  the  gun,  aiul  this  experience  has,  I  presume,  given  me 
an  advantage  in  this  investigation  over  other  physicists.  I  had 
also  the  good  fortune  to  have  had  a  brother  sportsman  and  experi- 
menter for  my  assistant — Professor  B.  F.  Thomas,  now  of  the 
University  of  Missouri — who  entered  enthusiastically  into  this 
work,  aiding  me  with  his  ingenuity  as  an  experimenter  and  with 
his  suggestions  derived  from  his  extensive  experience  as  a  sports- 
man. 

Description  of  the  Chronoscope  and  a  Determination  of  the  Magni- 
tude of  the  Eii'or  in  its  Results. 

Tlie  chronoscope  used  in  these  experiments  Is  very  simple.  It 
consists  of  a  metal  cj^linder  turning  on  an  axle  on  which  is  cut  a 
screw.  This  screw  moves  in  a  stationary  nut,  and  this  arrange- 
ment gives  the  cylinder  a  lateral  motion  when  it  is  revolved  on 
its  axle.  The  cylinder  is  covered  with  line  printing  paper,  which 
is  then  smoked  with  burning  camphor.  A  tuning-fork  is  screwed 
into  one  end  of  a  thick  piece  of  wood.  The  other  end  of  this 
piece  of  wood  is  hinged  on  to  a  base.  To  the  end  of  one  of  the 
prongs  of  the  fork  is  cemented  with  shellac  a  small,  triangular 
piece  of  foil.  The  fork  is  vibrated  by  a  bow,  and  then  the  hinged 
board  is  brought  down  against  a  stop  so  adjusted  that  the  point  of 
the  foil  on  the  fork  just  touches  the  smoked  paper.  On  now  turn- 
ing the  cylinder,  a  wavy  trace  will  be  written  on  it  by  the  vibra- 
tions of  the  fork. 

To  determine  the  number  of  vibratious  made  in  one  second  bv 
the  fork,  a  good  clock,  accurately  rated,  sent  at  each  second  an 
electric  spark  from  au  inchiction  coil  out  of  the  tracing  point  and 
through  the  paper.     Thus  the  sinuous  traces  of  the  fork  were 
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punctured  by  electric  sparks.  The  number  of  waves  of  the  fork's 
trace  contained  between  two  of  these  punctures  is  the  number  of 
vibrations  made  by  the  fork  in  one  second.  A  multitude  of  experi- 
ments sliowed  that  the  range  of  the  determination  of  the  number 
of  vibrations  per  second  of  the  fork  was  very  small,  and  the 
means  of  several  such  measures  did  not  vary  from  one  another  by 
more  than  one-tenth  of  a  vibration,  or,  expressed  in  time,  the  varia- 
tion did  not  surpass  the  l-2560th  of  a  second.  This  fact  showed 
that  the  chrouoscope,  so  far  as  its  records  were  concerned,  was 
sufficiently  constant  and  accurate  for  measures  on  the  velocity  of 
projectiles. 

The  effect  of  temperature  on  the  vibratory  period  of  the  fork 
had  been  determined  in  a  previous  research.  It  amounts  to  an 
increase  of  .000045  of  the  periodic  time  of  the  fork's  vibration  for 
an  increase  of  1  deg.  Fahr.  in  the  temperature  of  the  fork. 

The  guns  used  in  the  experiments  had  rebounding  locks.  The 
primary  current  of  an  induction  coil  passed  through  a  break-piece 
fixed  under  the  rebounding  hammer,  so  that  at  the  instant  the 
cartridge  was  exploded  the  electric  curient  was  broken  and  then 
immediately  formed  again.  The  current  which  passed  through 
this  break-piece  was  led  by  a  wire  to  an  upright  piece  of  tin  plate 
whose  front  surface  leaned  against  a  thick  copper  wire.  Another 
wire  led  from  the  tin  phite  (which  stood  in  a  shallow  trough  of 
mercury)  back  to  the  battery.  One  terminal  of  the  secondary 
coil  of  the  inductorium  is  connected  with  the  axis  of  the  metal 
cylinder,  the  other  terminal  with  the  foot  of  the  fork. 

This  clironoscope  is  worked  as  follows :  One  person  vibrates 
the  fork  with  a  bow,  and  then  brings  the  pointed  foil  down  on  the 
smoked  paper  and  rotates  the  cylinder.  While  the  fork  is  mark- 
ing its  sinuous  trace  he  cries  ''fire,"  and  the  other  person  dis- 
charges the  gun  at  the  tin  plate.  At  the  instant  the  cartridge 
explodes,  a  minute  spark  issues  from  the  tracing  point  of  tlie  fork 
and  cuts  a  small  hole  through  the  blackened  paper,  in  the  sinuous 
trace  of  the  fork ;  and,  when  the  tin  plate  is  knocked  over  by  the 
shot,  another  similar  spark  flies  from  the  tracing  point. 

\Vc  know  the  distance  between  the  breach  of  the  gun  and  the 
tin  plate;  the  number  of  flexures  in  the  trace  of  the  fork  contained 
between  the  two  spark  holes  gives  the  time  the  shot  took  to  go 
over  the  known  distance ;  whence  the  velocity  of  the  shot  per 
second  is  readily  computed. 

The  fork  used  in  these  experiments  made  about  256  vibrations, 
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or  flexures,  in  the  trace  in  one  second  ;  so  if  there  should  appear 
32  flexures  between  the  two  spark  holes  the  record  would  give 
d2-256ths,  or  one-eighth  of  a  second  for  the  time  of  flight  of  the 
shot  from  the  gun  to  the  distant  target.  Two  guns  were  used  in 
these  experiments,  one  of  12  the  other  of  10  gauge.  They  were 
'^full  choke-bored,"  and  were  choked  exactly  alike.  They  were 
made  by  the  Colt  Arms  Manufacturing  Co.,  of  Hai*tford,  Ct. 
The  following  tables  give  the  results  of  our  experiments : 

I.    10  Colt  goD)  5  drs.  Curtis  &  Harvej  powder,  1  1-4  oz.  shot. 


IV. 


Size  of  shot. 

Vel. 

80  yds. 

Vel.  40  yds. 

Vel.  60  yds 

No.  1  buck  .     . 

1153 

1067 

—^ 

FF     .     .     .     . 

1147 

1132 

— 

BB     .     .     .     . 

1146 

1126 

— 

No.  3      .     .     . 

1066 

1015 

928 

No.  6      ... 

1012 

963 

859 

No.  8*    .     .     . 

995 

880 

775 

No.  10    .     .     . 

908 

803 

716 

10  Colt  gan,  4  drs. 

Curtis  &  Harvey  powder,  1  1-4 

oz.  shot. 

No.  1  buck 

1067 

1018 

..^ 

FF       .... 

1017 

1009 

967 

BB     .... 

1000 

967 

897 

No.  3       .     .     . 

989 

911 

872 

No.  6       ... 

966 

883 

806 

No.  8      ... 

920 

874 

776 

No.  10   .      .     . 

848 

756 

669 

12  Colt  gan,  3  1-4  drs. 

Curtis  &  Harvey  powder, 

1  1-8  02.  of 

No.  1  buck  .     . 

—^ 

—^ 

_ 

FF 

— 

— - 

— - 

BB       .... 

862 

795 

667 

No.  3        ... 

844 

754 

696 

No.  6        ... 

825 

739 

600 

No.  8        ... 

816 

749 

607 

No.  10      .     .     . 

796 

680 

610 

12  Colt  gun,  drs. 

Curtis  &  Harvey 

powder,  1  1-4 

oz.  of  shot. 

No.  8       .     .     . 

847 

722 

671 

No.  10     .     .     . 

748 

657 

596 

Each  measure  of  velocity  given  in  these  tables  is  the  mean 
value  obtained  from  several  experiments,  varying  in  number  from 
three  to  six.  The  headings,  "  velocity  30, 40  and  50  yards,"  mean 
that  the  numbers  under  them  give  the  average  velocities  of  the 
flight  of  shot  over  these  distances,  and  not  the  velocities  at  30,  40, 
and  50  yards  from  the  gun. 
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It  will  be  observed  that  the  shot  used  were  Nos.  10,  8,  6,  3,  BB, 
FF,  and  No.  1  buck  shot.  They  were  so  selected  because  a  pellet 
of  any  number  in  the  above  series  weighs  very  nearly  double  the 
preceding  one.  Thus,  a  pellet  of  No.  8  weighs  double  one  of  No. 
10,  a  pellet  of  No.  6  weighs  double  one  of  No.  8,  and  so  on. 
These  relations  of  weight  among  the  pellets  were  obtaihed  so  that 
I  could  readily  reach  the  relations  existing  between  the  velocity 
of  gun-shot  and  the  weight  of  the  pellet.  The  shot  used  was 
kindly  furnished  me  by  Tatham  &  Bros.,  of  New  York,  who  used 
carefully  gauged  sieves  in  their  manufacture.  The  powder  used  was 
Curtis  &  Harvey's  Diamond  Grain  No.  6.  The  powder  and  shot 
in  each  cartridge  fired  had  been  carefully  weighed  out  in  an  accu- 
rate balance. 

A  glance  at  the  tables  at  once  shows  the  rapid  increase  in  the 
velocity  of  gun-shot  from  No.  10  up  to  No.  3.  With  the  heavier 
pellets  the  increase  in  velocity  is  less  marked.  Thus  the  table 
headed,  "10  Colt  gun,  4  drs.  Curtis  &  Harvey,  1  1-4  oz.  shot," 
shows  that  No.  8  shot  has  72  feet  per  second  velocity  over  No.  10 
shot,  and  No.  6  has  46  feet  over  No.  8,  while  No.  3  has  only  23 
feet  over  No.  6,  and  BB  shot  gains  only  11  feet  over  No.  3. 

The  relations  between  velocity  and  weight  of  pellet  shown  in 
this  table  may  be  taken  as  a  type  of  all  the  experiments,  and  I 
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have  graphically  shown  their  relations  in  the  accompanying  curve. 
The  divisions  on  the  scale,  measured  from  the  bottom  line 
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npward,  give  the  velocity'  per  second  of  the  pellets.  Oue  unit  on 
this  scale  equals  20  feet  of  flight  of  a  pellet,  and  a  unit  of  the 
scale,  measured  from  right  to  left  on  the  diagram,  equals  one  unit 
of  weight  of  pellet.  The  weight  of  a  pellet  of  No.  10  shot  is 
here  taken  as  the  unit  of  weight.  The  numbers  of  the  shot  are 
written  under  the  horizontal  line ;  the  velocities  on  the  verti- 
cal line.  When  the  curve  intersects  these  lines  we  find  the  velocity 
given  on  the  vertical  scale  corresponding  to  the  number  or  weight 
of  shot  given  on  the  horizontal  line  of  the  diagram. 
'  Professor  Rice  has  found  that  this  curve  can  be  expressed  by  a 
mathematical  formula.  The  curve  is  very  nearly  the  curve  of 
secants,  and  the  formula  for  it  is : 

f=sec.    — 

b  a 

Denoting  by  x  the  velocity,  by  y  the  weight  of  a  pellet,  and  a,  6, 
and  n  being  undetermined  constants. 

So  far  as  the  experiments  with  these  two  special  guns  show, 
there  is  no  doubt  a  great  superiority  in  the  10-  over  the  12-gauge 
gun,  when  each  is  loaded  with  the  same  weight  of  powder  and 
shot.  Thus,  with  the  same  charge  of  powder  and  shot,  4  drs. 
powder  and  1  1-8  oz.  shot,  fired  from  the  10-gauge,  gives  a  veloc- 
ity of  100  feet  per  second  more  than  that  given  by  the  12-gauge. 
This  fact  is  conclusively  shown  in  the  comparison  of  the  figures  in 
the  two  tables  headed  "10  Colt  gun,  4  drs.  C.  &  H.  powder  and 
1  1-4  shot ;"  and  the  difference  in  velocity  was  in  favor  of  the 
10-gauge  in  each  of  the  sixty  separate  experiments,  which  were 
made  to  get  the  numbers  (contained  in  the  above  mentioned  tables) 
on  the  lines  of  No.  8  and  No.  10  shot. 

With  No.  10  shot  the  mean  velocity  given  by  the  10-gauge  gun 
over  the  first  30  yards  is  848  feet.  With  the  same  charge  in  the 
12-gauge  the  velocity  is  748  feet,  showing  a  difference  of  100  feet 
in  favor  of  the  10-gauge.  With  No.  8  shot  the  difference  amounts 
to  72  feet.  The  average  difi'erence  in  favor  of  the  10-gauge  in  the 
flight  of  shot  Nos.  8  and  10  over  40  yards  amounts  to  110  feet. 

If  we  assume,  as  we  certainly  may  without  grave  error,  that  the 
penetration  of  shot  varies  as  the  square  of  its  velocity',  these 
experiments  will  give  the  relative  penetrations  of  the  10  to  the 
12-gauge  about  as  9  is  to  7.  These  experiments  show  that  the  re- 
cent movement  in  favor  of  small-bore  guns  is  one  in  the  wrong 
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direction.  It  appears  that  a  10,  or  even  an  8-gange  gun,  if  of 
about  8  lbs.  weight,  would  be  the  best  fowling-piece  for  upland 
shootin^]:. 

That  the  10-gauge  shows  such  superiority  over  the  12  may  be 
accounted  for  by  the  fact  tliat  the  ssime  charge  occupies  less  length 
in  a  10  than  it  does  in  a  12-bore,  and  hence  there  are  fewer 
pellets  in  contact  with  the  barrel  of  the  former  than  of  the  latter, 
to  oppose  by  tiieir  friction  the  projectile  force  of  the  powder ;  and 
secondly,  the  powder  in  a  10-gauge  is  exploded  nearer  the  centre 
of  its  volume,  and  thus  does  not  have  so  much  chance  of  blasting 
before  it  the  unburnt  powder  contained  in  the  portion  of  the  charge 
removed  from  the  point  of  ignition. 

I  also  venture  to  predict  that  with  the  same  weight  of  barrels 
the  10-gauge  will  not  heat  as  much  as  the  12,  because  the  motion 
of  the  shot,  lost  by  the  greater  resistance  it  opposes  in  a  12-gauge 
cartridge,  must  appear  in  the  form  of  heat. 

The  third  fact  which  these  experiments  show  is  that  the  proper 
charge  of  shot  in  a  12-gauge  gun  for  upland  shooting  is  1  1-8  oz., 
and  not  1  1-4  oz.,  as  has  of  late  years  been  the  practice  to  use ; 
for  the  tables  show  that  with  1  1-8  oz.  of  shot  and  3  1-4  drs.  of 
powder  an  average  velocity  is  obtained  which  requires  4  drs. 
of  powder  to  give  1  1-4  of  shot  a  velocity  equal  to  that  given  by 
3  1-4  drs.  to  1  1-8  oz.  Now  4  drs.  of  powder,  if  not  fired  from  a 
gun  weighing  at  least  9  lbs.,  and  from  a  good,  strong,  muscular 
shoulder,  is  disagreeable.  The  effect  on  the  body,  and  especially 
on  the  brain,  is  neither  conducive  to  pleasant  nor  to  good  shoot- 
ing. The  number  of  pellets  in  a  charge  of  1  1-4  oz.  of  No.  8 
shot  is  49D.  In  a  charge  of  1  1-8  oz.  of  the  same  shot  there  are 
449,  therefore  only  50  pellets  more  in  a  charge  of  1  1-4  oz.  than 
in  a  charge  of  1  1-8  oz. ;  and  surely  the  want  of  the  50  will  not 
cause  a  good  shot  to  miss  bis  bird  with  449  pellets,  nor  will  the 
addition  of  the  50  give  a  bad  shot  any  more  chance  of  bringing 
his  bird  to  bag  with  his  499  pellets. 

I  wish  now  to  show  to  the  Association,  and  especially  to  those 
membei*s  of  it  who  are  sportsmen,  other  applications  of  these 
experiments  to  the  art  of  shooting  on  the  wing. 

There  are  two  styles  of  shooting  on  the  wing — one  is  called 
"snap-shooting,"  where  the  shooter,  on  selecting  the  bird  which 
be  wishes  to  bag,  quickly  brings  the  gun  to  his  shoulder  and,  at 
the  instant  it  is  in  place,  fires.     If  the  bird  is  a  cross  shot,  he  deter- 
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mines,  at  the  moment  of  fire,  the  distance  to  which  he  should  direct 
his  gun  ahead  of  its  flight,  this  distance  depending  on  the  velocity 
of  tlie  bird's  flight  and  on  his  distance  from  it.  This  manner  of 
sliooting  is  practised  the  more  generally  by  upland  gunners  in 
shooting  quail,  gi*ouso  and  woodcock. 

The  other  style  of  shooting  may  be  designated  as  ^Hhe  swing 
shot,"  in  which  the  gunner  swings  his  gun  ahead  of  the  cross 
flight  of  the  bird  till  he  attains  the  proper  distance  ahead  of  it, 
and  then  flres ;  but  he  keeps  his  gun  moving,  with  a  regular 
angular  velocity',  till  even  after  its  discharge.  This  method  of 
shooting  is,  in  my  opinion  and  from  my  experience,  the  proper 
method  whenever  it  can  be  practised,  and  is  certainly  the  only  one 
which  has  been  found  successful  in  the  shooting  of  bay  fowl,  as 
ducks,  brant  and  wild  geese.  Yet  there  are  sportsmen  who  will 
contend  that  they  merely  follow  the  bird  with  the  gun,  and  dis- 
charge it  while  it  is  pointing  directly  at  the  bird.  I  put  this 
opinion  to  the  test  this  summer  in  the  following  manner :  Four 
wiliets  came  over  the  dcco3's  flying  in  line  with  a  good  speed. 
With  my  gun  I  followed  the  first  bird  coolly  and  accurate!}',  and 
kept  the  gun  moving  regularly  after  its  discharge.  Instead  of 
killing  the  first  bird,  the  third  from  the  leader  dropped  dead. 

To  give  a  rule  applicable  to  all  gunners,  for  the  distance  at 
which  a  gun  should  be  held  ahead  of  a  bird,  is  not  possible.  Some 
sportsmen  follow  a  bird,  and  then,  after  reaching  before  it  the 
proper  distance,  suddenly  stop  the  angular  motion  of  the  gun,  and 
then  fire.  Others,  after  following  the  bird  a  short  distance,  give 
a  quick,  lateral  motion  to  the  gun,  and  then  fire.  Others,  Again, 
bring  the  gun,  with  a  lateral  motion,  ahead  of  the  bird  and  keep 
the  gun  moving  till  their  experience  decides  the  proper  distance 
ahead  of  its  flight,  and  then  fire  while  the  gun  is  keeping  its 
previous,  regular  angular  velocity. 

For  the  simple  illustration  of  the  bearing  of  these  experiments 
on  the  art  of  shooting  on  the  wing,  I  will  suppose  that,  at  the 
moment  of  fire,  the  gun  is  stationary  ;  in  other  words,  that  we  are 
firing  "snap  shots."  If  the  bird  has  a  velocity  across  the  line  of 
sight  of  30  miles  an  hour  (/.  e.,  44  ft.  per  sec),  and  we  are  using 
charges  in  a  12-gauge  gun  of  3  1-4  drs.  of  Curtis  &  Harvey  pow- 
der and  1  1-8  oz.  of  shot,  we  shall  have  to  shoot  about  5  feet 
ahead  of  the  bird  if  it  is  flying  at  a  distance  of  30  yards  ;  at  7  feet 
ahead  if  at  a  distance  of  40  yards,  and  11  feet  ahead  of  the  bird 
if  at  a  distance  of  50  yards. 
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These  distances  ahead,  for  cross  shots  at  birds  flying  at  the  rate 
of  30  miles  an  hour,  may  appear  out  of  all  reason  with  the  experi- 
ences of  many  sportsmen ;  3'et,  if  you  will  place  a  stick  5  foet 
long  at  40  yards,  and  ask  the  ^same  gunners  if  they  woald  hold 
ahead  of  a  bird  by  that  length,  if  it  were  going  with  a  velocity  of 
30  miles,  I  venture  to  say,  from  my  experiments  with  them,  that 
they  will  say,  "Of  course :  that  is  only  about  18  inches  ;"  so  diffi- 
cult is  it  to  determine  a  length  at  a  distance,  while  sighting  along 
the  barrel  of  a  gun. 

I  will  conclude  with  the  remark  that  the  study  of  this  paper 
will  not  make  a  good  shot  on  the  wing,  any  more  than  a  description 
of  how  to  perform  on  the  violin  will  make  an  accomplished 
violinist.  But  the  results  of  these  experiments  are  of  value,  and 
cannot  but  improve  the  shooting  of  an  accomplished  s|x>rtsman, 
if  they  are  practically  applied. 

It  has  been  said,  perhaps  rather  strongly,  "reading  and  writing 
come  of  schoolmasters,  but  a  crack  shot  is  the  work  of  God.'* 


APPENDIX. 


**  A  bird  at  the  distance  of  forty  yards  is  going  at  full  speed  (say  sixty 
miles  per  hour)  in  a  direction  perpendicular  to  tlie  plane  of  fli'e;  how 
much  shall  we  hold  ahead?  It  is  difficult  to  find  two  good  shots  who  will 
give,  even  approximately,  tlie  same  answer  to  this  question;  there  are 
those  who  will  say  they  allow  little  or  uotldng,  and  others  who  allow  from 
ten  to  fifteen  feet. 

It  Is  obvious,  that  before  we  can  discuss  this  question  to  any  purpose, 
wo  must  know  approximately  the  velocity  of  a  charge  of  shot.  It  is 
hoped,  therefore,  that  the  following  experiments  will  be  of  interest  to 
sportsmen. 

These  experiments  were  made  on  the  27th  of  June  )ast,  at  the  U.  S. 
Naral  Experimental  Battery  at  Annapolis,  Maryland,  with  the  permission 
and  able  assistance  of  Commander  Joseph  1).  Marvin,  U.  S.  Navy,  in 
charge  of  the  Battery.  The  instrument  used  to  determine  the  velocities 
was  a  Lc  Boulang6  Chronograph;  the  gun,  which  was  fired  from  the 
shoulder,  was  a  pin-fire  breech-loader.  No.  12-gauge,  thirty-inch  barrels, 
Wfighin;*  seven  and  a  half  pounds. 

The  chronograph  was  manipulated,  and  the  observations  were  taken  by 
Lieut.  W.  W.  Kimball,  U.  S.  Navy,  assistant  to  Commodore  Marvin. 

The  cartridges  were  not  prepared  for  experimental  purposes,  but  were 
such  as  the  writer  Iiappened  to  have  loaded  at  the  time  the  experiments 
were  made. 
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Id  the  table  below,  H  denotes  Hazard's  Electric  Powder,  No.  5  grain, 
and  D  denotes  DapoDt*s  Ducking^  Powder. 

The  colnnm  headed  Range  gives  the  distance  between  the  two  screens, 
one  of  which  was  about  six  inches  from  the  muzzle  of  the  gun. 

The  velocity  given  is  the  mean  velocity  of  the  shot  between  the  two 
screens.  When  the  range  is  fifty  feet,  it  may  be  taken  as  the  velocity  at 
25  feet  ftom  the  muzzle  of  the  gun ;  and  when  the  range  is  100  feet,  at  50 
feet  from  the  muzzle. 

The  first  screen  consisted  of  four  very  fine  copper  wires  placed  verti- 
cally about  half  an  inch  apart ;  the  second  screen  was  abont  the  size  of  a 
sheet  of  common  note  paper,  and  was  formed  of  fine  copper  wire  stretched 
fi-om  side  to  side  at  intervals  of  about  one-fourth  of  an  inch. 

EXPERIMENTS. 


f^der. 

Drachms. 

8ize  of 
Shot. 

Oanccs. 

Range 
in  feec. 

Mean  Velocity 

in  feet  oer 

second. 

H 

n 

2 

IJ 

90 

1013 

II 

2i 

2 

U 

100 

865 

H 

21 

2 

n 

.      100 

854 

D 

3 

7 

1| 

100 

770 

D 

3 

7 

U 

100 

788 

D 

3 

7 

U 

60 

855 

II 

n 

2 

U 

60 

905 

It  will  be  noticed  that  the  charges  of  powder  were  somewhat  smaller 
than  those  commonly  used  by  sportsmen. 

If  we  assume  the  mean  velocity  of  shot  for  forty  yards  to  be  800  ft.  per 
second,  the  time  of  flight  will  be  0.115  sec.  A  bird,  flying  at  the  rate  of 
CO  miles  an  hour,  goes  at  the  rate  of  88  ft.  per  second,  or  18.2  ft.  in  0.15 
seconds.  Again,  If  we  assume  the  mean  velocity  of  shot  for  forty  yards 
to  be  1,000  ft.  per  second,  the  time  of  flight  will  be  0.12  seconds,  and  the 
distance  traversed  by  the  bird,  10.56  ft. 

Ducks,  when  going  at  full  speed,  attain  a  velocity  exceeding  sixty  miles 
an  hour;  it  would  therefore  seem  that  an  allowance  of  10  or  15  feet,  in  the 
case  of  a  duck  passing  a  point  under  full  headway,  is  not  too  much,  if 
the  distance  equals  or  exceeds  35  yards. 

Some  successful  sportsmen  have  a  habit  of  making  an  allowance  for  the 
velocity  of  the  bird,  by  jerking  the  gun  forward  at  the  instant  they  pull 
the  trigger. 

The  time  which  elapses  between  the  instant  at  which  the  message 
which  causes  the  flngcr  to  pull  the  trigger  is  sent  from  the  brain,  and  the 
instant  at  which  the  shot  leaves  the  muzzle  of  the  piece,  is  finite,  and 
doubtless  greater  than  we  arc  apt  to  suppose.  This  Interval  of  time 
probably  varies  with  different  individuals ;  hence  arises  a  larger  personal 
equation.  For  this  and  other  reasons  It  is  impossible  to  frame  rules 
which  are  equally  applicable  to  all  sportsmen.  Each,  if  he  would  shoot 
well,  must  make  his  own  rules,  which  must  be  carefully  modified  to  accord 
with  bis  experience  and  observation.    A  tolerably  accurate  knowledge  of 
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the  velocity  of  shot  is,  notwithstanding,  of  great  service  to  the  thonght- 
fUl  sportsman. 

In  these  experiments,  the  time  of  flight  was  such  as  to  permit  the  shot 
to  fall  about  four  inches  in  going  one  hundred  feet,  a  distance  which  is  of 
little  importance  in  comparison  with  the  distance  traversed  by  the  bird 
while  the  shot  is  in  the  air.  In  the  case  of  most  double  guns  the  elevation 
of  the  rib  at  the  breech  is  more  than  sufficient  to  compensate  for  the  dis- 
tance through  which  the  shot  will  fall  in  going  forty  yards.  A  sight 
one-tenth  of  an  inch  in  height,  at  thirty  inches  from  the  eye,  will  exactly 
cover  a  line  four  inches  in  length  at  a  distance  of  one  hundred  feet.  The 
elevation  of  the  rib  of  most  double  guns  is  greater  than  one- tenth  of  an 

inch. " 

U.  8,  Naval  Academy^  July,  1875.  J.  M.  Rice. 

[From  the  "Rod  and  Gun,"  July  81,  1876.] 


A  New  Method  of  obtaining  a  Permanent  Trace  of  the 
Plane  of  Oscillation  of  a  Fodcault-pendulum.  By 
Alfred  M.  Mater,  of  Hoboken,  N.  J. 

[ADSTBACT.] 

Last  year,  in  the  month  of  October,  I  mounted,  in  the  physical 
laboratory  of  the  Stevens  Institute  of  Technology,  a  Foucault- 
pcndulum  formed  of  a  cannon  ball  suspended  by  a  steel  wire.  By 
floating  the  ball  in  mercury,  I  determined  the  point  on  the  ball  to 
which  the  wire  should  be  attached,  so  that  this  point  and  the 
centre  of  gravity  of  the  ball  should  be  in  the  same  vertical  line. 
This  line,  having  been  prolonged  as  a  diameter  of  the  ball,  deter- 
mined the  spot  into  which  I  screwed  a  pointed  index.  The  point 
of  this  index,  when  the  ball  was  stationary,  was  about  1-40  of  an 
inch  above  a  piece  of  smoked  paper  placed  on  a  plate  of  metal 
which  had  been  carefully  brought  into  a  horizontal  plane.  The 
pendulum  was  now  drawn  from  the  vertical  by  the  tension  of  a 
delicate  cord,  one  end  of  which  was  attached  to  the  ball,  the  other 
fastened  to  a  fixed  support.  The  pendulum  was  started  in  the 
usual  manner  by  burning  this  string.  After  a  few  oscillations,  a 
current  of  electric  sparks  from  an  induction  coil  were  passed 
through  the  suspending  wire,  and  from  the  point  of  the  index  of 
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the  pendulum  through  the  smoked  paper  to  the  metal  plate,  and 
thus  was  obtained  a  trace  of  the  path  of  oscillation  of  the  pen- 
dulum. At  successive  and  known  intervals  of  time  I  obtained 
similar  traces,  which  were  rendered  permanent  by  passing  the 
smoked  paper  through  spirit  varnish.  The  intersection  of  these 
traces  gives  the  centre  around  which  the  angles  are  measure<l. 

The  advantages  of  the  method  are:  1st,  There  is  no  friction 
of  a  tracing  point ;  2nd,  The  traces  give  the  centre  around  which 
the  angles  are  measured ;  dd.  The  traces  are  permanent ;  and 
4th,  The  angles  of  inclination  of  the  traces  can  be  leisurely  and 
accurately  measured. 

Lost  May  I  described  this  experiment  to  Professor  Cross  of 
the  Massachusetts  Institute  of  Technology,  and  he  then  informed 
me  that  the  same  idea  had  occurred  to  him,  though  he  had  not 
put  it  in  practice,  and  also  that  he  had  recently  mentioned  this 
plan  of  experimenting  before  the  American  Academy  of  Arts  and 
Sciences  in  Boston  ;  therefore  his  name  and  mine  should  be  always 
associated  in  designating  this  method  of  obtaining  a  permanent 
trace  from  the  Foucault-pendulum. 


On   ▲  SIMPLE   MEANS   OF    MEASURING    THE    AnGLE  OF    INCLINATION 
OF     TUE     MIRRORS    USED    IN    FrESNEL'S     EXPERIMENT    ON    THE 

Interference  of  Light.    By  Alfred  M.  Mater,  of  Ho- 
bokcn,  N.  J. 

[ABSTRACT.] 

The  inclination  of  the  Fresnel  mirrors  is  measured  by  pasting 
ft  disk  of  known  size  on  a  window  pane,  and  then  ascertaining  the 
distance  at  which  the  disk,  when  viewed  by  reflection  from  the 
mirrors,  appears  double  and  the  two  disks  are  tangential  to  each 
other.  From  the  known  diameter  of  the  disk,  and  the  distance  of 
the  disk  from  the  line  of  intersection  of  the  planes  of  the  mirrors, 
the  angle  of  inclination  of  the  mirrors  is  readily  calculated. 
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New  Planetary  Nebuue.     By  Edward  C.  Pickerxno,  of  Cam- 
bridge, Mass. 

[ABSTRACT.] 

During  the  past  year,  a  search  has  been  made  for  new  planetary 
nebulse  with  the  large  telescope  of  the  Harvard  College  Observa- 
tory. A  direct  vision  prism,  placed  between  the  objective  and 
eyepiece,  converts  the  image  of  a  star  into  a  colored  line  of 
light.  A  planetary  nebula,  on  the  other  hand,  being  nearly  mono- 
chromatic, appears  as  a  point  of  light,  and  is  distinguished  at  a 
glance  from  a  star.  Many  thousand  stars  may  be  quickly  exam- 
ined in  this  way,  and  a  single  nebula  selected  from  among  them. 
Two  new  nebulae  have  thus  been  found,  having  the  positions,  II.A. 
18»*25'"  10',  Dec,  25°  13',and  R.A.  18*»  4"»  19',  Dec,  28°  12'.  Either 
of  these  objects  would  be  mistaken  for  a  star  if  examined  in  the 
usual  way.  On  tlie  evening  of  August  28,  an  object  was  found 
with  a  very  singular  spectrum.  The  light  consists  mainly  of 
two  bright  bands,  one  in  the  yellow,  a  little  more  refrangible 
than  the  D  line,  the  other  in  the  green  or  blue.  The  approximate 
wave  lengths  are  from  5,800  to  5,830,  and  from  4,G70  to  4,730. 
There  is  also  a  faint  continuous  spectrum.  This  object  cannot  in 
other  ways  be  distinguished  from  an  ordinary  star,  and  in  fact, 
has  been  observed  as  one,  by  Argelander,  and  at  the  Washington 
Observator}',  about  thirty  years  ago.  It  does  not  seem  to  have 
changed  since  then  in  position  or  magnitude.  It  is  designated  as 
CEltzen,  17681,  and  its  position  for  1880  is,  R.A.  18^  1"  17',  Dec, 
21°  16'.  The  comparative  faintness  of  the  continuous  spectrum 
makes  it  more  nearly  resemble  a  planetary  nebula  than  a  star,  but 
since  the  bands  are  ditferently  placed,  the  material  must  be  different. 
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New  Method  for  Finding  the  Numerical  Roots  of  Equa- 
tions BKLOw  THE  FouuTH  Deoree.  By  James  D.  Warner, 
of  Brooklyn,  N.  Y. 

[ABSTIIACT.] 

This  method  is  new  for  complete  equations,  and  for  those  cubic 
equations  where  x  appears  in  more  than  one  term.  For  others 
it  is  not  wholly  new,  but  the  arrangement  is  claimed  as  an  im- 
provement. 

For  finding  the  roots  of  the  incomplete  quadratic,  the  following 
rule  is  given,  viz. : 

Under  the  number  write  the  figures  of  the  root,  commencing 

under  the  first  figure  of  the  last  half,  or  of  the  larger  latter  part 

when  divided  as  nearly  as  possible  into  two  equal  portions.  Having 

ascertained  the  first  figure  of  the  root,  take  its  square  from  the 

number,  writing  all  of  the  diflTerent  figures  of  the  remainder  over 

the  number,  in  their  proper  numerical  places.^      Under  the  figure 

of  the  root,  write  its  double,  and  with  this  as  a  trial  divisor,  find 

the  next  figure  of  the  root.     The  square  of  this,  together  with  the 

product  of  itself  into  the  trial  divisor,  taken  from  the  remainder, 

gives  the  next  remainder.      Adding  the  double  of  t|ie  last  found 

figure  of  the  root,  to  the  line  of  the  double  of  the  root  previously 

found,  will  give  a  new  trial  divisor,  by  which  the  next  figure  of 

the  root  can  be  ascertained.     The  same  process  pursued  with  this 

and   each  succeeding  figure  found,  will  finally  evolve  the  whole 

root. 

example. 

x^  s=  531441 :  or  extraction  of  tho  square  root  of  531441. 

1 

430 
ft  3  1  4  4  1  — 


729 
144 

Observe,  that  when  any  figure  in  the  lines  of  remainders  has 
been  used,  and  there  is  no  figure  over  it,  or  over  a  succeeding 
figure,  to  cancel  it,  by  either  striking  a  line  through  it  or  over  it ; 
also,  whenever  in  doubling  the  root,  there  is  anything  to  carr)-, 
to  put  it  as  a  subscript  to  the  previous  figure,  and  use  the  sum  ot 
the  two  thereafter.  Any  remainder  can  bo  set  off,  by  a  long  can- 
celling line  through  or  over  the  next  preceding  figure  on  the  upper 

>ln  snbtracting,  aiM  a  unit  to  amount  to  be  carrie<1  when  tho  unit  fl^^ura  of  the  sub* 
trabend  exceeds  the  flgurc  from  which  it  is  subtracted. 
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line  of  the  remainders,  or  a  dash  with  the  remainder  written  after 
it,  may  be  used. 

The  same  method  answers  for  finding  the  roots  of  the  complete 
quadratic,  by  adding  in  tlie  coefficient  of  the  first  power  of  a?  to 
the  first  trial  divisor. 

EXAMPLES. 

x«  +  3x««  22348. 

23  S 

1202  1269 

22348  22348 

148  or  —151 

2  8  3  —19  7 

91  —2  4  8 

—  9 

Ts 1  131 

14939  14939 

5.  5. 


1.1 92  (J        or        —4.192  6 


4  2  8  —12  8 

63  -53 

If  the  coefficient  of  x'^  is  other  than  unity,  multiply  each  figure 
of  the  root  by  it,  before  every  multiplication  of  the  figures  of  the 
root. 

EXAMPLE. 

St'  +  3ar  sss  6. 
5 

12  8  6  3 
C. 


1.138 

5  20 

7  42 

6 


A  nearly  similar  method  is  applicable  for  finding  the-  roots  of 
x^-  =  a,  or  extracting  the  cube  root. 

IIULE. 

In  extracting  the  cube  root,  the  first  figure  of  the  root  is 
placed  undei*  the  first  figure  of  the  last  part  of  the  number,  when 
the  number  of  the  figures  have  been  divided  as  nearl}'  as  possible 
into  three  equal  parts.  The  first  line  of  figures  under  the  root  is 
three  times  the  root,  and  is  formed  continuously  from  the  root  as 
found,  just  before  obtaining  the  true  divisor,  and  may  be  desig- 
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nated,  for  couvenience,  the  line  of  triple  products.  The  lines 
under  the  line  of  triple  proilucts  are  successiye  trial  and  true 
divisors.  A  trial  divisor  is  always  found  by  multiplying  by  the 
last  found  figure  of  the  root  into  its  double  and  that  part  of  the 
line  of  triple  products  previously  found,  and  adding  the  sum  of 
the  two  products  to  the  last  true  divisor.  A  true  divisor  is  found 
by  multiplying  the  last  found  figure  of  the  root  and  that  part  of 
the  line  of  triple  products  already  found,  by  the  trial  figure  of  the 
root,  and  adding  the  products  of  the  last  trial  divisor.  This  last 
sum,  if  found  to  be  correct  after  testing,  is  to  be  multiplied  by 
the  found  figure  of  the  root,  and  the  product  taken  from  the 
remainder  will  give  the  next  remainder. 

EXAMPLE. 

z^  =  387420489. 

PROCESS  TO  PROCESS  TO 

FIRST  TRUR  DIVISOR.     SECOND  TRIAL  DIVISOR.  OOMPLBTB. 

1 
44  44172  44172 

387420489  38742048  9,         38742048  0— 

72  72  720 

21  21  216 

147  147  147 

5124  5124  5124 

553  55221 

747 

When  a  cubic  equation  has  been  divested  of  its  second  term, 
and  the  coefficient  of  ar^  has  been  reduced  to  unity,  the  same 
method  is  applicable  by  adding  the  coefl9cient  of  the  first  power 
of  a;,  to  the  first  trial  divisor. 

EXAMPLE. 

x«  —  12x  «  28, 

1 

667 

12  0  3  0  2 

2  8. 


4.3  02  13 


129 
36 

39G0 

434  7 

9 
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The  complete  Cubic  Equation  can  also  be  solved,  by  observing, 
that  before  each  multiplication  of  a  figure  of  the  root,  it  must 
be  multiplied  by  the  coefficient  of  a^',  and  the  coefficient  of  7? 
must  be  added  to  the  line  of  triple  products. 


E2LAMPLE8. 


fS  +  6ar<  —  800x  s  60000. 

4 
8213 
60000 


60 
300 


30^8  7 


150 

6600 

75 

600 


8*«  — to«  +  a:s 

6 
1441 
133756 
8. 


8. 


•2 
1 


1.14  18 


79,6 
6 
73 
7491 
817 
813 
5 


A  similar  method  may  be  used  for  finding  the  roots  of  equations 
of  a  higher  degree  than  the  third,  but  as  it  is  too  complicated  for 
ordinary  mental  operation,  Horner's  method  is  preferable ;  but  it 
can  be  applied  to  the  extraction  of  the  higher  roots,  with  a  little 
subsidiary  work. 

EXAMPLES. 


root  of  252047376. 

Fifth  root  of  2196527536884. 

14 

T4468 
252047370 

18  7  5  4  12  0 
319652  7530224 

126 

294 

48 
6^4 

10^5 
44O4I  0 

4 

5368 
6912 
7447890 

P10O38  9  0 

80 
1 923461 
35304  05 

0353159056 

Subsidiary  work,  to  assist  the  mental  operation,  with  expla- 
nation (sec  graphic  explanation). 


6561         r  .  r«              20244  r  .  4r» 

72  00       5R.r»  21870  5R.3r» 

82  4  0         10R3.  r«  64  80  10  Ra.  2r« 

720           10R>.  r  720  lORs.    r 


256 
9280 
134560 
975560 


4  .  4> 

5  (R  +  r)  3  .  4> 
10(R+r)»2  .  4« 

10(R  +  r)»X4 
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1409 

3471740686 
19096037487458560 

5T7 


Sixth  root  of  19000087487468569. 
SUPPLEMEyTART. 


SUPPLEMSKTART. 


2  4  0  1=7* 
7  2  0  .1        0  R  .  7« 
14406    6  r 


306 
3  7,531  5 
2  5,0sGi^2  0 
0  3,775,8  0  1  5 
18750 

9712  87801 
20701515  06 
14249955208681 

SUPPLEMENTARY. 

117045    3.  r>(R  +  r)« 


7« 


10807 
734706 

13382145 

129997980 
7108  4  010  5 


7.7* 

(R  +  r)  7« 


(R  +  r)> 
(R  +  r;* 


7» 


4' 
7 


15 


300 
2250 
7500 


Or. 

OR. 
15  R«. 
SOR>. 


10 1* 
Gi« 
3r 


150000 
117045 


40.  lJ(K+r)« 
300  .  15  (R  +  r)« 


BUPPLBMEXTARY. 

132  05  1  50(R  +  r)* 

2  65  302  0  (R  +  r)> 


The  following  figures  are  intended  to  be  a  graphic  explanation 
of  the  application  of  the  method  for  the  extraction  of  the  higher 
roots.  Of  the  roots  as  far  as  found,  r  represents  tlie  last  figure, 
Ji  the  portion  preceding.  A  quantity  at  the  beginning  of  a  bent 
brace  is  to  be  multiplied  by  the  multipliers  along  the  brace,  the 
upper  for  the  true,  and  the  lower  for  the  trial  divisors.  For 
the  fourth,  fifth,  and  sixth  roots,  supplementary  figures  are  shown, 
which  are  to  be  used  for  obtaining  quantities,  which  when  multi- 
plied by  proper  powers  of  the  figure  of  the  root,  found  by  a  trial 
divisor,  are  added  to  the  successive  trial  divisors  to  make  the  true 
divisor. 


THIRD    ROOT. 


R    -h    r 


3  R. 
3  R* 


+ 
3(R«     -t- 


r 

r 

3  Rr 
2Rr 


+ 

+ 


r» 


The  parts  of  th«  roots  and  the 
work  are  in  position  required  by 
the  method. 
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NUMERICAL  ROOTS   OF   EQUATIONS; 


FOURTH   ROOT. 


4(R>    +    3U«r    +    3Rr«    +    i«). 


SUPPLEMENTARY. 


R     +    r 

R   +    r 

4   R 

3 

4  R    4-    4r 

6    R9 

r 
r 

S 

I* 

4    R> 

3 

■•      3 

6  R»    +    13  Rr    +    flr« 
e(R«    +     SRr    +    r«),    4(R 


-r) 


FIFTH   ROOT. 


R    +    r 


5  R. 


10   R« 

10    R» 

r« 

5   R« 

r 
r 

2 

r« 

3 

10  R«  r«  +  *  R  r*   +   »•* 
5:U«    +  4R»r  +  OR«r«   +  4Rr»   +   r*). 


SUPPLEMENTARY. 


R    +   r 
5  R    +  5  r. 


10  (R«  + 


4     r        2 


SRr  +  r«), 


6 


10  (R»   +  8  R«  r  +  8  R  r«  +  l«). 


81] 

CTH 

ROOl 

P. 

R  +  r 
OR 

r» 

A 

15  R« 

r» 

20  R» 

1 

15  R« 
OR* 

X 

2 

3 

!•»                   -1 

+  15  R«  r  +  20  R»  r«  -|-  15  R«  r>  +  «  R»*  +  »** 
6(R»  +   5  R«  r  +  10  R»  r»  + 10  IV  r  -|-  5  R  r*  +  r»). 
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SUPPLEMENTARY. 


K4-r 
C    R  -h  G  r 


15  (R5  + 


5  .  r 


2  Ur 


'5 


+ 


r'). 


20  (R>        -f 


4 

3 


R«r     + 


10 


^3^^^ 


3     Rr»    +    r»), 


G 


10 


15  (R«        +        4  R»  r        +        6  R«  r«        +        4  R  r» 


r*)» 


The  expressions  found  by  the  several  multiplications  can  be 
seen  to  be  the  proper  expressions  which  are  sought.  The  upper 
one  being  the  true  divisor,  and  the  lower,  the  trial  divisor. 

For  extracting  the  nth  root,  the  following  is  general.  The 
multiplicands  are  the  several  powers  of  H  below  n  —  1  multi- 
plied by  the  coefficients  of  a  binomial  to  the  nth  power.  The 
upper  expression  at  the  end  of  the  braces  is  the  expansion  of 
(22  4"  0°  divested  of  its  first  term  and  divided  by  r.  The  lower 
expression  is  the  expansion  of  (ij  -f"  ^)°~^  multiplied  by  n.  The 
upper  set  of  multipliers  are  the  several  powers  of  r,  in  order 
below  that  of  n  —  2  the  higher  one  being  repeated  at  last 
brace.  The  lower  multipliers  are  the  same  powers  of  r  as  the 
upper  ones  multiplied  by  the  digits  in  order.  For  the  multipliers 
of  a  supplementary  figure,  the  powers  of  r  for  the  last  term  in 
each  line  agree  in  order  with  the  number  of  the  line  commencing 
with  the  upper  one :  the  coefficients  can  be  obtained  by  using  the 

expression  ^'*~2^3^4  7^  w  "*^  ^  being  taken  equal  with  the  ex- 
ponent of  r  of  the  multiplier.  For  the  other  multipliers,  the 
exponent  of  r  in  each  agrees  with  the  formed  columns  in  order, 
and  the  coefficients  of  the  columns  are  the  same  as  the  following 

differential  series  in  respective  position. 
«  — 1 

11  —  2 


5  15  35 

4  10  20 

5  6  10  15 etc. 

A.  A.  A.  S.,  VOL.  XXIX. 


It  can  readily  be  seen  how  each  series  is 
formed. 


18 


274  RAILWAY  TIME  SERVICE;   BY   P.   H.   DUDLEY. 

Division  is  a  process  of  evolving  one  factor,  where  another  fac- 
tor and  their  product  are  given.  The  method  proposed  is  appli- 
cable, and  its  advantages  are :  that  there  will  be  no  such  thing 
as  Long  Division,  the  division  by  large  numbers  being  as  easy  as 
dividing  by  a  single  figure  ;  that  fewer  figures  are  used ;  and  that 
the  result  is  in  its  proper  numerical  position. 

EXAMPLE. 

DiTide  61852  by  31. 

2    6 
3  ]  )6  4  8  5  2 


2092 


The  divisor  can  be  placed  at  the  right  as  is  the  custom  of  the 
French. 

EXAMPLE. 

2 
1131 


16778727 
123456789   |   234 

62  7  5  9  3   2  7 


234 


Railway  Time  Service.    By  P.  H.  Dudley,  of  New  York,  N.  Y. 

Correct  time  signals  from  var'ous  observatories  have  been 
daily  sent  over  the  telegrapli  wires  of  several  railwa3'8  for  many 
years  past,  for  the  purpose  of  keeping  all  the  clocks  of  a  line  alike. 
If  the  clock  was  in  error  the  operator  at  each  station  must  set  it. 
Practically,  the  operators  did  not  set  their  clocks  if  within  a  minute 
or  two  of  correct  time. 

The  problem  was  to  arrange  a  practical  system  so  that  all  of  the 
clocks  upon  a  line  would  be  under  the  direct  control  of  the  Train 
Despatchcr,  though  one  or  any  number  of  miles  awa}-. 

I  have  solved  this  problem  by  taking  an  ordinary  clock  with 
pendulum  and  weight,  and  arranging  an  electro  magnetic  apparatus, 
so  that  at  given  times  the  hands  could  be  set.     One  of  these  clocks  is 
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put  in  each  station.  By  a  three  point  switch,  one  side  of  which  is 
connected  to  the  clock,  tlie  other  side  to  the  sounder,  and  a  wire 
to  the  relay,  the  clock  or  sounder  may  be  put  in  circuit  at  pleas- 
ure. A  few  seconds  before  the  time  of  sending  the  time  signal  as 
received  from  the  Observatorj*,  the  Train  Despatcher  calls  up  his 
line  to  switch  the  clocks  into  circuit ;  and,  when  he  receives  the  correct 
time  signal  he  sends  one  dasli  to  all  the  clocks,  correcting  them  if 
either  fast  or  sloiv.  The  clocks  are  now  switched  out,  and  the 
sounder  put  in,  thus  using  existing  telegraph  wires  only. 

Wlien  this  was  successfully  accomplished  a  demand  was  at  once 
made  for  clocks  beating  seconds,  to  have  the  second  hand  cor- 
rected, at  the  same  time  of  the  minute  hand,  and  for  the  past 
eighteen  months,  many  clocks  have  been  put  in  various  railway 
stations,  giving  the  public  the  benefit  of  Observatory  time  to  the 
second.  From  many  interviews  with  railway  officials,  I  believe 
they  will  be  ready  to  adopt  a  uniform  standard  of  time  for  the 
entire  countr3'^  whenever  the  public  demand  it. 

This  question  is  so  important,  involving  so  many  interests,  it 
seems  to  me  it  should  further  engage  the  attention  of  the  eminent 
men  of  this  body,  who  have  already  done  so  much  in  this  field,  so 
that  we  may  have  the  most  practical  solution  of  the  question 
possible. 
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Lecture  experiment  for  the  direct  determination  of  the  ve- 
locity OF  SOUND.     By  W.  A.  Anthony,  of  Ithaca,  N.  Y. 

A  LECTURE  experiment,  SHOWING  THE   MOVEMENT  OF  A  HORIZONTAL 
CURRENT  IN  THE  EARTH*S    MAGNETIC    FIELD.       By  W.  A.  AutllO- 

ny,  of  Ithaca,  N.  Y. 

A  PROPOSED    IMPROVEMENT    IN  THE   CONSTRUCTION   OP   THB   GrAMME 

ELECTRIC  MACHINE.     By  W.  A.  Authouy,  of  Ithaca,  N.  Y. 

A  TABLE  OF  REMAINDERS  OF  2°  TO  VARIOUS  PRIME  MODULI.      By  E.  P. 

Austin,  of  Boston,  Mass. 
The  ASTRAL  LANTERN.     By  F.  H.  Bailey,  of  Hillsdale,  Mich. 
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An  investigation   of  the  TIBRATIONS  of  plates  vibrated    AT  THE 

CENTRE.     By  Thomas  K.  Baker,  of  Millersville,  Pa. 

Improvement  of  the  Mississippi  river.     By  TV.  II.  Ballou,  of 

P^vunston,  III. 

PHONOrilOBIA    AND  TUB    INFLUENCE    OF   NOISE    ON    THE   HEALTH   OF 

DWKLLKKs  IN  CITIES.     By  Clarciice  J.  Blake,  of  Boston,  Mass. 
A  STANDARD  LoooGRAPH.     By  Clarence  J.  Blake,  of  lioston,  Mass. 

ObSEUVATIONS    on    803IB   RECENT   HAIL-STOKMS   IN  NORTH  CAROLINA. 

By  J.  R.  Blake,  of  Davidson  College,  N.  C. 

A  NEW  Morse-alphabet.     By  Wni.  Boyd,  of  Cambridge,  Mass. 

Explanation  of  diagram  for  24  hours  London  and  Boston  time, 
SHOWING  THE  method  of  obtaining  formulas  for  weather 
prediction.     By  F.  L.  Capeu,  of  Boston,  Mass. 

The  VALIE  OF  the  water-shed  and  water  supply  of  the  globe. 
By  F.  L.  Capen,  of  Boston,  Mass. 

Steady  and  vortex  motion  in  viscous  incompressible  fluids. 
By  Thomas  Craig,  of  AVashington,  1).  C. 

On  the  musical  pitch  at  present  in  use  in  Boston  and  vicinity. 
By  C.  K.  Cross  and  Win.  T.  Miller,  of  Boston,  Mass. 

Capability  of  the  various  building  stones  in  general  use,  to 
stand  hkat  and  water,  when  hot.  By  Hiram  A.  Cutting, 
of  Luneuburgb,  Vt. 

On  some  needed  additions  to  physical  terminology.  By  A.  E. 
Dolbear,  of  College  Hill,  Mass. 

The  solar  parallax  for  meridian  observation  of  !Mars  in  1877. 
By  J.  U.  Eastman,  of  AVashinglon,  1).  C. 

The  cicedit  of  the  United  States  Government.  By  E.  B. 
Elliott,  of  Washington,  D.  C. 

Electric  lighting  as  applied  to  large  areas.  By  K.  B.  Elliott, 
of  Washington,  D.  C. 

Maxima  and  minima  tide-predicting  machine.  By  Wm.  Ferrel, 
of  Washington,  D.  C. 

Symmetrical  equations.     By  E.  Frisby,  of  Washington,  D.  C. 
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The  new  action  of  magnetism  on  a  permanent  bleotric  current. 
By  E.  II.  Hall,  of  Baltimore,  Md. 

On  the  color  correction  of  achromatic  tblbscopes.     By  Wm. 

Harkness,  of  Washington,  D.  C. 

On  THE  spectroscopic  measurement  of  the  approach  or  reces- 
sion OF  stellar  objects.  By  Wm.  Harkness,  of  Washing- 
ton, D.  C. 

A  comparison  of  the  spectra  of  light  from  limb  and  centre  of 
the  sun.     By  C.  S.  Hastings,  of  Baltimore,  Md. 

On  patent  laws  as  means  for  the  advancekent  of  science.  By 
B.  S.  iledriek,  of  Washington,  D.  C, 

Suggestions  for  improvement  in  the  bianufacture  of  glass,  and 

OF  NEW  methods  FOR  THE  CONSTRUCTION   OF   LARGE  TELESCOPIC 

lenses.     By  Geo.  W.  Ilolley,  of  Niagara  Falls,  N.  Y. 

The  use  of  the  mercurial  thermometer  at  high  temperatures. 
By  Silas  W.  Hoi  in  an,  of  Boston,  Mass. 

Density  of  a  large  diamond.  By  G.  F.  Kunz,  of  New  York, 
N.  Y. 

Discussion  of  the  barometric  observations  of  Prof.  E.  S.  Snell, 
OF  Amherst  College.  By  F.  H.  Loud,  of  Colorado  Springs, 
Col. 

On  the  spectral  rays  which  act  in  forming  the  green  color  in 
the  leaves  of  plants.  By  Alfred  M.  Mayer,  of  South 
Orange,  N.  J. 

The  topophone  :  An  instrument  to  determine  the   direction 

AND  position  OF  A  SOURCE  OF    SOUND,  WITH  AN  ACCOCNT  OF  THE 
applications  OF  THIS  INSTRUMENT  TO  SCIENTIFIC  INVESTIGATION. 

By  A.  ]M.  Mayer,  of  South  Orange,  N.  J. 

Ox  3I0NUMENTS  OF  PHYSICAL  CONSTANTS.  Bv  Alfred  M.  Muver,  of 
South  Orange,  N.  J. 

Observations  on  the  electromotive  forces  of  the  Brush 
DYNAMO-ELECTRIC  MACHINE.  By  Honr}'  Moi'ton  and  B.  F. 
Thomas,  of  Hoboken,  N.  J. 

Observations  on  the  displacement  of  absorption  bands  in  solu- 
tions OF  PURPURiNE.     By  Henry  Morton,  of  Hoboken,  N.  J. 
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The    COEFFICIENT    OF    EXPANSION    OF   GAS   SOLUTIONS.       By    E.     L. 

Nichols  and  A.  W.  Wheeler,  of  Baltimore,  Md. 

Results  of  a  magnetic  survey  of  Missouri.  By  Francis  E. 
Nipher,  of  St.  Louis,  Mo. 

Unity,  inversion,  and  semi-inveksion  in  linear  associative 
ALGEBRA.     By  Benjamin  Peirce^  of  Cambridge,  Mass. 

Useful  practical  forms  of  linear  associative  algebra.  By 
Benjamin  Peiree,  of  Cambridge,  Mass. 

Comets  of  minimum  perihelion  distance.  By  Benjamin  Peiice, 
of  Cambridge,  Mass. 

Cooling  and  possible  age  of  the  sun.  By  Benjamin  Peii*ce,  of 
Cambridge,  Mass. 

A  gauge  for  measuring  the  pressure  of  liquids  and  gases.  By 
B.  II.  Richards,  of  Boston,  Mass. 

Progress  made  at  the  Observatory  of  Harvard  College  in  the 
determination  of  the  absolute  coordinates  of  109  funda- 
MENTAL STARS.     By  W.  A.  Rogers,  of  Cambridge,  Mass. 

A  SIMPLE  AND  EXPEDITIOUS  METHOD  OF  INVESTIGATING  ALL  THE 
DIVISION  ERRORS  OF  A  MERIDIAN   CIRCLE.       By  WlU.  A.  RogerS, 

of  Cambridge,  Mass. 

The  SYSTEMATIC  ERRORS  OF  THE  GREENWICH  RIGHT  ASCENSIONS  OF 
SOUTHERN     STARS     OBSERVED    BETWEEN     181 G     AND     1831.        By 

AVm.  A.  Rogers,  of  Cambridge,  Mass. 

Preliminary  determination  of  the  equation  bktween  the 
British  imperial  standard  yard  and  the  mkter  of  the 
ARCHIVES.     By  Wm.  A.  Rogers,  of  Cambridge,  Mass. 

The  probable  error  of  a  single  observation  at  sea,  deduced 
FROM  THE  observations  OF  W.  H.  Bacon,  Cinakd  steamer 
"  Scythia."     By  Win.  A.  Rogers,  of  Cambridge,  Mass. 

The  errors  of  a  few  English,  French,  and  American  stage 
micrometers.     By  Wm.  A.  Rogers,  of  Cambridge,  Mass. 

Investigations  for  rapid  and  safe  locomotion.  Bv  Clinton 
Roosevelt,  of  New  York,  N.  Y. 

'  Thefe  papers  were  cnU.*rc<I  by  ProfeBsor  Pelrce  sonic  time  l>cfoi-c  the  niet^tinpr,  in 
which  he  hoped  tu  take  an  active  part,  but  he  was  soon  after  prostrated  by  tlie  sickness 
which  terminated  fatally. 
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Remarks  on  C.  S.  Peirce's  paper  on  the  ghosts  in  Rutherford's 
GRATING.     By  H.  A.  Rowland,  of  Baltimore,  Md. 

On  a  continuation  of  Argelander's  DuRcaMUSTERUNO.  By 
Ormond  Stone,  of  Mount  Lookout,  Ohio. 

On  the  CONSTRUCTION  OF  A  MICROMETER  FOR  DOUBLE  STAR  OBSERVA- 
TIONS.    By  Ormond  Stone,  of  Mount  Lookout,  Ohio. 

On  the  drawing  of  nebulae.  By  Ormond  Stone,  of  Mount 
Lookout,  Ohio. 

On  uniform  time.     By  Ormond  Stone,  of  Mount  Lookout,  Ohio. 

Heat  produced  by  magnetizing  and  demagnetizing  iron  and 
steel.     By  John  Trowbridge,  of  Cambridge,  Mass. 

Methods  in  use  at  the  observatory  of  Yale  College  for  the 
verification  of  thermometers,  and  the  testing  op  time- 
pieces.    By  Leonard  Waldo,  of  New  Haven,  Ct. 

Theory  of  the  tides.     By  James  D.  Warner,  of  Brooklyn,  N.  Y. 

"Actio  in  distans  "  and  its  effects.  By  J.  D.  Warner,  of  Brook- 
lyn, N.  Y. 

On  the  refractive  index  of  metallic  silver.  By  A.  W.  Wright, 
of  New  Haven,  Ct. 

On  a  form  of  vacuum  tube  for  spectroscopic  work.  By  A.  W. 
Wright,  of  New  Haven,  Ct. 

Spectroscopic  notes  :  being  a  notice  of  certain  spectroscopic 

observations,    principally  solar,   made   in    1879    AND    1880. 

B}'  C»  A.  Young,  of  Princeton,  N.  J. 

The  thermo-electric  electro-motive  power  of  iron  and  plati- 
num IN  vacuo.     By  C.  A.  Young,  of  Princeton,  N.  J. 


Many  of  the  above  papers  have  been  printed  since  the  meeting 
in  the  American  Journal  of  Science,  the  American  Journal 
OF  Otology,  and  in  Science. 
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PROFESSOR   JOHN    M.   ORDWAY, 


CHAIRMAN   OF  THE  SUBSECTION   OF  CHEMISTRY. 


Gentlemen  of  the  Subsection  of  Chejiistry  :  — 

It  is  well  for  us  to  pause  sometimes  in  the  midst  of  our  busy 
and  wearisome  labors  and  consider  the  progress  of  the  past,  the 
wants  of  the  present,  and  the  promise  of  the  future.  It  is  best 
for  us  to  have  both  humiliation  and  encouragement  mingle<l  in 
just  proportion,  and  a  clear-eyed  outlook  is  always  sure  to  show 
room  for  both. 

Chemistry  as  an  art  and  Chemistry  as  a  science  jointly  occupy 
fields  so  extensive  and  so  diversified  that  we  can  hope  to  make 
but  a  very  partial  survey  in  the  time  allotted  to  a  discourse,  and  I 
tnist  that  no  one  will  feel  aggrieved,  if,  in  this  imi>erfect  sketch, 
the  fruits  of  his  own  ^'  little  field  well  tilled"  shall  receive  a  mere 
glance  or  even  escape  notice  altogether. 

The  past  year  has  been  one  of  laborious  and  fruitful  activity  in 
various  departments  of  chemistry,  but  we  cannot  j'et  see  that  the 
year  is  marked  by  any  of  those  epoch-making  discoveries  that 
have  sometimes  startled  the  world,  and  sometimes  have  come  al- 
most as  silently  as  the  dew  of  night  to  refresh  the  fields  of  science. 
Thus  in  1807,  when  Dav}-,  with  his  magnificent  voltaic  battery, 
isolated  potassium  and  closed  the  reconl  in  his  note  book  with  the 
triumphant  exclamation  ''Capital  experiment, —  proving  the  de- 
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composition  of  potash  !"  mankind  applauded  and  reechoed  "Capital 
experiment!"  In  1807,  too,  friend  Dalton's  atomic  theory  was 
quietly  made  kno^Yn  to  the  >voild  and  for  a  time  it  was  quietly  re- 
ceived. It  was  chiefly  a  theor}*  to  be  sure,  but  it  had  a  long  lever- 
age and  a  solid  fulcrum,  an<l  it  moved  science  to  its  ver}'  founda- 
tions. No  other  chemical  theory  has  borne  equally  well  the  test 
of  time.  The  ttoj  <t7w^  the  standing  place,  has  been  shifted  a  little 
by  the  discovery  of  allotropic  states  and  isomerism.  Even  ele- 
mentary atoms  are  not  now  allowed  to  exist  singly,  but  must  be 
linked  into  molecules.  Dalton's  theory  has  been  expanded  and 
developed  ;  there  is,  at  present,  no  sign,  no  prospect  of  its  being 
superseded.  It  seems  barely  possible  that  Me^-er's  new  method 
of  investigating  dissociation  may  lead  to  some  further  step  in  the 
evolution  of  Dalton's  theory.  Meyer's  recent  apparent  resolution 
of  the  chlorine  molecule  has  not,  indeed,  been  verified  in  the  care- 
fidly  devised  experiments  of  Crafts,  but  Crafts  does  seemingly 
confirm  the  chanj^e  of  iodine  bv  an  intense  heat.  Further  trials 
are  needed,  and  till  they  have  been  made  with  bromine  and  chlo- 
rine, and  have  given  unquestionable,  positive  results,  we  cannot 
judge  whether  1879  and  1880  will  rank  hereafter  as  years  in  which 
Meyer  found  means  to  throw  new  light  on  the  nature  of  the  haloids. 

Within  the  past  year  Cooke  has  further  discussed  the  atomic 
weight  of  antimony  ;  and  his  many  experiments  have  been  carried 
out  with  a  patience  and  thoroughness  and  skill  that  will  enable 
them  to  endure  any  reasonable  criticism.  It  were  well,  if  some 
one  would  study  bismuth  and  tin  with  the  same  conscientious  ex- 
actness. 

Twenty-four  years  ago,  Perkin  sought  for  artificial  quinine  and 
found  instead  a  better  than  ro3al  purple.  Then,  by  various  hands 
and  in  rapid  succession,  red  and  yellow  and  black  and  brown  and 
blue  and  green  were  brought  out  from  what  proved  to  be  some- 
thing more  than  aniline.  And  now  the  novelty  is  past  and  the 
announcement  of  a  new  dye  creates  hardly  a  ripple  of  excitement, 
unless  it  can  be  shown  to  have  some  new  and  desirable  qualities. 
Yet  real  and  wonderful  progress  continues  to  be  made  in  this 
grand  branch  of  industrial  chemistry.  The  twelve  years  old  s^n- 
tliesis  of  alizarine  has  given  us  colors  for  cotton  goods  purer, 
brighter,  faster,  and  cheaper  than  those  of  the  now  obsolescent 
madder  root.  Of  late,  wool  has  been  provided  for,  and  the  extinc- 
tion of  cochineal  plantations  is  threatened  l>y  reds  of  surpassing 
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brillianc}',  durability,  and  ease  of  application,  but  with  such  dyso- 
pbonous  and  long  trailing  designations  as  ^'betaoxyazonaphthaline- 
sulpho-acid." 

Recently  we  have  been  told  that  Bayer  has  succeeded  in  the 
long  sought,  economical  synthesis  of  indigo,  and  there  is  no  good 
reason  to  doubt  it ;  but  it  would  greatly  assist  our  faith  to  sec 
and  handle  the  product.  The  problem  which  appeared  simple 
twenty  years  since  has  hitherto  proved  difficult  and  evasive,  and 
the  dye  which  is  among  the  first  to  have  been  expected  is  really 
one  of  the  last  to  appear.  Tropical  indigo  plantations  may  in 
time  share  the  fate  of  the  madder  fields  of  France  and  Turkc3'. 
But  indigotine  itself  will  not  continue  to  satisfy  the  demands  of 
an  exacting  age.  Rosaniline  and  cosine,  anisol  red,  Hoffmann's 
violets  and  malachite  green,  have  accustomed  us  to  hues  of  a 
delicacy  and  richness  that  no  one  dared  dream  of  twenty-five 
years  ago.  So  the  lesthetic  nicety  of  this  generation  has  been  too 
much  pampered,  and  d3'ers  will  soon  be  calling  for  something  unit- 
ing the  brilliancy  of  the  aniline  blues,  by  gaslight  and  daylight, 
with  tlie  fixedness  of  indigo  and  its  equal  adaptedness  to  wool 
and  cotton. 

It  is  interesting  to  recall  how,  when  aniline  colors  were  new,  a 
British  chemist  prophesied  that  England  instead  of  the  tropical 
countries  would  thereafter  supply  the  d^^estuffs  of  the  world, 
from  fossil  crops.  Alas,  for  human  foresight !  In  fact,  the  fugi- 
tive colors  made  from  aniline  and  its  homologues  have  become  of 
seconihiry  importance  and  new  ones  which  know  not  aniline  have 
come  to  the  front.  In  fact,  it  is  not  England  but  German3'  that 
shares  most  largely  in  the  worhVs  present  enormous  production  of 
coal  tar  colors.  The  country'  which  has  done  most  towards  study- 
ing out  tlie  illimitable  transformations  of  the  carbon  compounds 
is  furnishing  the  most  of  the  industrial  fruits  of  those  seemingly 
unpractical  researches,  and  is  tlius  doing  most  to  vindicate  the 
pursuit  of  theoretical  science.  Investigation  costs,  investigation 
pays.  In  more  senses  than  one,  our  science  *'  opens  wide  her 
ever  during  gates  on  golden  hinges  turning." 

Still  it  must  be  confessed  that,  out  of  tlie  hundreds  of  new  or- 
ganic substances  which  are  studied  out  beforehand  and  built  up 
with  so  much  pains,  very  few  have  any  reference  to  our  material 
wants  or  throw  au}^  new  light  on  the  dark  places  of  science.  It  is 
not  unfair  to  say  that  a  very  large  part  of  the  chemical  researches 
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which  are  made  nowada3's  serve  little  other  purpose  than  to  edu- 
cate the  investigators  themselves.  It  might  be  quite  as  well,  even 
for  mere  intellectual  training,  to  select  for  study  more  of  the  sub- 
jects which  really  require  elucidation. 

The  passing  years  are  occasionally  bringing  to  light  additional 
elementary  bodies.  But  new  metals  are  becoming  somewhat  like 
the  new  asteroids  of  astronomers,  which  have  too  little  mass  to 
influence  the  orbits  of  other  bodies,  and  are  too  much  out  of  sight 
to  concern  many  besides  their  discoverers.  AVithin  five  years, 
fourteen  new  metals  have  called  for  recognition,  and  names  have 
been  found  for  all  except  one,  without  resorting  to  the  Grecian 
list  of  goddesses,  furies,  muses,  and  nj'mphs.  In  1879  alone, 
chemists  have  claimed  the  discovery  of  six  ;  Scandium,  Norwegium, 
and  Barcenium,  by  their  sensible  properties  ;  and  Ilolmium,  Thul- 
ium and  Samarium,  b}'  their  spectral  probabilities.  These,  with 
Philippium,  Mosandrium,  Ytterbium,  Neptunium,  Lavoisium,  Da- 
vyum.  Gallium,  and  the  older  Ilmenium,  if  they  all  gain  a  footing, 
will  serve  mainly  to  increase  the  census  of  the  metals  to  seventy- 
seven,  and  to  burden  our  memories  with  symbols  of  things  remote 
from  daily  life.  None  of  them  have  such  novelty  of  character  as 
to  require  the  remoulding  of  chemical  band-books.  A  more  gen- 
eral, a  more  practical  interest  attaches  to  the  fuller  determination 
of  the  properties  of  long  known  and  not  uncommon  elements, — 
to  the  production  of  useful  alloj's, —  and  to  great  improvements  in 
the  working  of  the  older  metals. 

It  is  noticeable  that,  after  trying  for  a  long  time  to  set  aside  the 
Berzelian  idea  of  glucina,  chemists  are  now  coming  round  again 
to  the  adoption  of  Be2  O3  instead  of  BeO.  Having  had,  j-ears 
ago,  something  to  say  about  a  new  point  of  resemblance  between 
this  earth  and  alumina,  I  am  personally  pleased  to  see  a  return  to 
what  seems  to  be  the  right  view. 

Of  new  alloj's,  manganesian  copper  seems  worthy  of  regard, 
since  it  may  in  some  measure  play  the  part  for  copper  that  spiegel 
iron  does  for  steel ;  being  valuable  for  what  it  removes  rather  than 
for  what  it  adds.  The  one  word  which  best  recalls  our  progress 
in  civilization  and  the  useful  arts  is  *'  iron  ; "  and  it  is  spiegel  iron 
which  has  rendered  successful  the  grand  iron  and  steel  making  in- 
ventions of  Bessemer  and  Martin.  Indeed  it  is  not  unlikely  that 
manganese  has  always  been  essential  for  the  production  of  the  so- 
called  natural  steel.     But  even  manganese  is  powerless  to  exorcise 
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the  evil  spirit  of  the  Bessemer  converter.  Many  men  have  sought 
for  the  philosophers'  stone  which  shall  eliminate  phosphorus  and 
ennoble  a  cold  short  metal,  and  at  last  there  is  hope  that  it  will 
prove  to  be  magnesian  lime. 

As  for  the  noble  metals  themselves,  silver  is  becoming  so  ignobly 
cheap,  that  we  could  give  but  a  cold  welcome  to  inventions  .which 
may  increase  the  facility  of  its  production,  so  long  as  it  continues 
to  be  used  for  money.  There  is  room  to  consider  wliethcr  the  in- 
imitably light  metal  aluminium  might  not  be  used  for  coin. 

The  past  decade  has  been  a  period  of  centennial  and  semicenten- 
nial commemorations  ;  and  the  people  whom  this  Association  are 
now  favoring  with  their  presence  have  taken  a  notion  to  celebrate 
the  quartomillennial  of  the  settlement  of  this  quondam  peninsula 
of  Shawmut.  Next  month  Bostonians  will  be  dwelling  in  thought 
and  speech  on  Puritan  ideas  and  Puritan  deeds.  Possibly,  we  all, 
as  free  men  and  as  chemists  too,  have  some  interest  in  that  olden 
time.  The  men  w^ho  settled  these  shores  were  representatives  of 
iconoclastic  progress.  The  leaven  which  was  working  in  men's 
minds  in  those  dajs  was  the  Puritan  idea  of  the  right  to  question 
human  authority  in  church  and  state  and  in  the  domain  of  learn- 
ing, and  the  duty  of  pudding  obedience  to  the  divine,  the  higher 
law.  Not  Puritans  alone,  but  men  of  various  names,  were  feeling 
the  impulses  which  led  to  the  founding  of  new  states,  and  new 
sciences.  The  relation  of  those  times  to  religion  and  government 
is  a  theme  for  the  orator  and  the  poet.  But  what  can  bo  said  of 
science  in  the  first  half  of  the  seventeenth  century? 

In  1620,  Francis  Bacon  published  the  second  part  of  his  "  In- 
stauratio  Magna"  or  Restoration  of  Learning,  otherwise  called 
"  Novum  Organon  Scientiarum,"  wherein  he  pointed  out  the  way 
to  appeal  to  nature  by  experiment,  instead  of  deriving  all  science 
from  the  teaching  of  the  ancients.  lie  handled  without  mercy  the 
groundless  reasonings  of  the  old  philosophers  and  their  syllogistic 
deductions  from  uncertain  premises.  Bacon's  spirit  gradually 
spread,  as  we  may  see  by  the  very  name  of  the  Florentine  "  Acca- 
demia  del  Cimcnto,"  Academy  of  Experiment,  founded  in  IGjI. 
But  Bacon's  methods  had  little  immediate  influence  on  the  science 
of  the  time.  He  relied  on  induction,  and  induction  alone  only 
strings  together  dry  bones.  That  perception  of  general  principles 
which  makes  science,  that  planning  of  experimenta  crucis^  guide- 
board  experiments,   which  test   conjectures  and   make  firm   the 
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bases,  come  uot  altogether  from  the  mere  collation  of  facts.  The 
Organon,  besides  a  regulator,  needs  a  motive  power.  We  need 
something  more  than  eyes  to  see.  *'  But  there  is  a  spirit  in  man, 
and  the  inspiration  of  the  Almighty  givcth  them  understanding." 
AVe  should  niako  little  progress  in  the  discovery  of  truth,  without 
those  suggestions  which  come  to  the  groping  investigator,  he 
knows  not  how  or  v.hence,  like  lightning  flashes  to  show  him  the 
onward  path. 

The  great  chemist  of  two  hundred  and  fifty  years  ago  was  John 
Baptist  van  Ilelmont.  He,  being  himself  of  noble  family,  as  the 
record  reads,  married  a  noble,  rich  and  pious  wife,  in  1G09,  and 
thereafter  devoted  himself  to  chemistry.  He  distinctly  recognized 
that  there  are  other  aeriform  fluids  than  common  air,  and  to  him 
wc  owe  the  conception  and  the  generic  name  of  gas.  *'  Ilalitum 
ilium  Gas  vocavi,  non  longe  a  Chao  veterum  secretum."  The  word 
was  not  derived  from  **  Geest,"  as  is  often  said,  but  from  "  Chaos," 
as  representing  the  original  form  of  matter. 

At  the  time  when  our  forefathers  were  laying  the  foundations  of 
this  nation,  alchemy  was  in  its  garrulous  dotage  and  decline,  and 
chemistry  took  its  rise  in  the  dim  knowledge  of  the  gases.  A 
hundred  years  ago  our  country  was  passing  through  a  political 
revolution.  One  hundred  years  ago  chemistry  was  going  through 
its  revolution,  and  this  revolution  was  brought  about  by  a  closer 
stud}'  of  the  gases.  It  is  not  long  since  American  chemists  cele- 
brated the  centennial  of  Piiestle3''s  complete*!  isolation  of  ox3*gen  ; 
and  they  did  well  to  honor  the  memory  of  Priestley,  for  he  did 
great  service  in  bringing  out  plainly  what  had  been  neglected  or 
but  darkl}'  known  before.  But  it  is  only  by  a  gush  of  enthusiasm 
that  we  can  call  the  discovery  of  ''  dephlogisticated  air  "  the  birth 
of  modern  chemistry.  The  evolution  of  chemistry  as  a  science  is 
threefold.  First  came  the  study  of  the  gases,  dating  back  to  Van 
Ilelmont ;  then  the  study  of  heat,  dating  back  to  Bccchcr  and 
Stahl ;  and  finall}'  the  study  of  combining  weights,  starting  with 
Wenzel  and  Richtor.  Consider  how  much  of  what  we  now  know 
and  do  depends  on  those  ''airs"  t!iat  Cavendisli,  Black,  Scheele, 
and  Priestley  revealed.  The  study  of  combustion,  respiration, 
vegetable  growth,  organic  decay,  geological  transformations,  and 
h3'giene,  involves  the  stud}'  of  carbon  dioxide.  Our  knowledge 
of  dissociation  started  from  the  dccomix)sition  of  calcium  carbon- 
r.to  by  heat.     Carbon  monoxide  reduces  the  metals ;  it  gives  us 
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cement  steel ;  it  aflbrds  us  an  economical  hot  blast ;  it  plays  a 
part  in  the  Bessemer  process ;    it  renders  possible  the  Siemen's 
furnace.     The  fuel  of  the  future  is  to  be  coal  resolved  into  a 
chaos  of  carbonic  oxide  and  hydrogen.     When  hydrogen  was  first 
made  manifest  it  was  thought  that  phlogiston  itself  had  become 
tangible.      But    phlogiston   would    not    endure    even    this    at- 
tenuated materialization,  and  not  long  after  the  yokefellow  of  hy- 
drogen was  found,  the  Stahliau  phlogiston  took  its  flight  to  the 
limbo  of  exploded  ideas.     '^  Dephlogisticated  air,"  "  vital  air," 
the  producer  of  calces,  the  product  of  a  calx  ignited,  "  oxygene," 
the  8upi)ortcr  of  combustion,  is  also  a  factor  in  organic  life  and  in 
brain  work.     "  Fire  damp  "  is  the  evil  spirit  that  haunts  the  mines 
still,  and  still  shocks  us  occasionally  with  his  misdeeds.     But  we 
have  partially  tamed  the  demon  and  turned  his  power  to  account 
in  boiling  salt,  puddling  iron,  and  giving  light.    At  the  end  of  the 
last  century  Murdock  found  a  use  for  coal-gas,  and  latterly,  in  its 
lengthening  train,  came  the  host  of  secondary  products  which  have 
had  such  a  marvellous  effect  on  science  and  industry.     Chlorine  is 
a  potent  element  in  modern  manufactures.     To  produce  the  most 
intense  heat  we  combine  two  gases.     To  produce  the  most  intense 
cold,  we  liquefy  or  solidify  a  gas  and  then  let  it  recover  its  original 
form. 

Heat  came  into  chemical  science  when  Beccher  devised  an  im- 
material sulphur  to  explain  combustion,  but  heat  was  always  con- 
cerned in  chemistry  as  an  art ;  and  chemistry  as  an  art  is  almost 
coeval  with  mankind.  Chemical  art  began  when  Prometheus 
brought  down  fire  from  heaven.  Man  contrived  to  keep  this  fire 
alive  and  make  it  ser\'e  him  ;  but  Zeus  was  angry  and  bound 
Prometheus  himself,  and,  as  the  lloman  poet  tells  us,  shut  up  the 
seeds  of  fire  in  the  veins  of  flint.  So  carrying  about  fire  in  a 
hollow  reed  became  a  lost  art  not  to  be  revived  till  the  present 
century,  and  long  after  Brandt  had  discovered  phosphorus.  Man 
is  the  chemical  animal,  for  he  alone  uses  fire.  Other  creatures  can 
spin,  weave,  sew,  and  exercise  the  plastic  art;  can  build  houses, 
mine  the  earth  and  execute  skilful  works  of  hydraulic  engineering. 
But  man  alone  dyes  tissues,  bakes  pottery,  cooks  food,  and  exca- 
vates 'w  itli  explosives.  Men  made  glass  three  thousand  years  ago, 
about  as  they  do  now.  Vulcan  of  old  made  as  good  iron  as  the 
blacksmith  requires  to-da}',  and  all  our  modern  improvements  have 
not  quite  extinguished  the  blooinary  forges  of  primitive  times. 
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As  for  quantit}',  to  be  sure,  Vulcan,  with  all  his  sweating  Cyclops 
and  the  fires  of  groaning  JEtna,  could  not  produce  as  much  in  six 
days  as  the  Cambria  Iron  Works  turn  out  every  six  minutes. 
Could  Dante's  guide  see  that  Alleghanian  Avernus  with  its  miles 
of  underground  drifts,  its  coke  ovens,  its  blast  furnaces,  its  pud- 
dling furnaces,  its  Bessemer  converters,  its  coal-fed  Cyclops,  in- 
stead of  leisurely  rolling  out  the  rhythmic  ring  of  his  old  anvil 
chorus  "  Olli  inter  sese  magna  vl  brachia  tollunt,"  he  would  recall 
again  the  humming  hive,  and  exclaim  with  hurried  breath  *'  Fervet 
opus."  The  American  iron  master  literally  as  well  as  figuratively 
makes  the  '*  work  boil." 

The  chemical  arts,  shortly  after  the  time  of  Van  Ilelmont,  were 
represented  by  Johann  Rudolf  Glauber  who  made  many  useful  and 
lasting  inventions.  We  still  make  "  spirit  of  nitre  "  and  "  spirit 
of  salt"  by  Glauber's  method,  and  the  ammonia  process  is  3*et  far 
from  superseding  the  production  of  soda  by  means  of  Glaul>er*8 
salt  cake.  The  chemical  arts  remained  as  he  left  them,  for  nearly 
a  hundred  years,  till  Roebuck,  in  174G,  gave  a  new  start  by  devis- 
ing leaden  chambers  for  the  manufacture  of  sulphuric  acid. 
Glauber  with  all  his  good  sense  in  practical  things  had  a  lingering 
belief  in  the  absurdities  of  the  alchemists,  for  he  wrote  "  de  Med- 
icina  Universali  sive  Auro  potabili  Vero ;"  he  wrote  also  "  Con- 
cerning the  Rise  and  Origin  of  all  ^letals  and  Minerals,  how  indeed 
they  are  produced  by  the  stars,  take  to  themselves  a  body  from 
water  and  earth  and  are  fashioned  in  divers  forms."  From  this 
little  book  we  learn,  what  was  the  common  belief  of  that  day,  that 
the  rays  of  the  sun  and  stars  bury  themselves  in  the  earth  and 
finally  become  silver  and  gold.  But  perhaps  these  old  writers 
were  prophets  speaking  by  symbols  which  they  understood  not. 
Now  we  know  that  metallurgy  does  depend  on  the  sun's  rays. 
The  sunshine  of  the  carboniferous  period  has  been  materialized 
into  coal-beds  and  now  attains  perfection  in  a  metal  of  more  real 
value  than  gold. 

As  to  heat  in  its  more  strictly  scientific  relations,  we  may  say 
that  it  began  to  form  a  part  of  chemistry  when  Beccher  propounded 
the  rudiments  of  the  theory  which  Stalil  afterwards  worked  up 
into  a  consistent  scheme  of  chemical  philosoph}'.  For  almost  a 
century  this  system  satisfied  the  moderate  demands  of  science ; 
and  then,  in  the  revolutionary  age,  Lavoisier  dethroned  Slahl's 
phlogiston  and  set  up  another  one  in  its  place,  one  of  more  posi- 


CHAIRMAN   ORDWAT.  291 

live  character,  called  "  caloric,"  or  "  the  matter  of  heat/* 
Pi*ie8tle3^'8  simple,  "  dephlogisticated  air"  became  a  compound  of 
oxygene  and  caloric.  Before  another  hundred  years  could  run 
their  course  another  phlogiston  has  set  aside  Lavoisier's  and  ox}'- 
gen  has  become  a  mass  of  molecules  swimming  in  a  sea  of  this 
*'  ether."  But  whatever  be  the  nature  of  heat,  its  phenomena  arc 
capable  of  quantitative  investigation.  And  through  the  labors, 
first  of  Lavoisier  and  Laplace  in  1780,  and  since  of  Despretz, 
Regnault,  Favreand  Silbermann,  Andrews,  Berthelot,  and  Thomsen, 
thermochemistry  has  been  placed  on  a  solid  and  definite  basis. 
Berthclot's  late  work  on  Thermochimie  shows  culminating  prog- 
ress, and  is  worthy  of  him  who,  years  ago,  almost  created  organic 
synthesis.  In  1798,  Rumford  published  the  experimentum  crucia 
which  showed  that  heat  is  not  matter.  But  men  were  slow  In 
getting  back  to  the  prephlogistic  idea,  and  it  was  fifty  years  be- 
fore the  world  came  to  see  the  full  force  of  Rumford's  conversion 
of  mass  motion  into  molecular  motion,  or  work  into  heat.  And 
now  who  can  devise  an  experimentum  crucis  to  show  whether  heat 
is  motion  of  ordinary  or  of  extraordinary  matter?  Is  this  idea 
of  an  extraordinary,  unatomic,  continuous  matter  a  necessity  of 
science ;  or  may  a  special  luminiferous,  coloriferous,  actiniferous, 
caloriferous,  electriferous,  magnetiferous  ether  be  dispensed  with? 
Why  should  we  not  add  soniferous  and  nervomotoriferous,  to  these 
multifarious  capabilities?  If  nature  still  abhors  a  vacuum,  as  it 
used  to,  and  the  interspaces  of  ordinary  molecules  must  be  filled 
up  by  something,  as  that  something  is  not  molecular,  it  must  be 
incompressible  and  inelastic.  If  it  is  inelastic  it  is  incapable  ^^er 
se  of  oscillatory,  vibratory,  undulatory,  or  pulsatory  motion.  If, 
on  the  other  hand,  ether  is  molecular,  why  should  not  ordinary 
matter  in  a  hypergaseous  state  answer  the  requirements?  Chemists 
do  not  venture  to  put  down  universal  ether  in  the  table  of  ele- 
mentary substances.  In  fact,  it  seems  to  be  incompatible  with  the 
very  convenient  atomic  or  molecular  theory,  and  either  the  atomic 
theory  or  the  ether  theory  should  be  thrown  overboard.  But  if 
you  admit  the  physical  universe  to  be  made  up  of  atoms,  and  intra- 
molecular and  interinolecular  motion,  and  an  ethereal  tertiumquid 
through  which  motion  is  propagated,  you  need  something  more  to 
explain  how  or  why  one  kind  of  motion  is  transmuted  into  the 
other,  how  heat  becomes  or  produces  light  and  how  resisted  mass 
motion  produces  heat.     When  men  attempt  to  explore  the  universe. 


292  ADDRESS   OF 

thought  becomes  fatiguing  and  they  substitute  mathematics  for 
thought.  Were  Bacon  living  at  tlie  present  day,  he  would  add  to 
the  idols  of  the  tribe,  idols  of  the  den,  idols  of  the  market,  and 
idols  of  the  theatre,  still  another  kind  which  have  led  men  astray, 
—  the  idols  of  disembodiment.  There  is  a  strong  tendency  to  in- 
terchange the  material  and  the  mathematical,  to  talk  of  particles 
as  though  they  were  points,  to  speak  of  their  describing  lines 
when  they  can  only  describe  cylinders  or  prisms.  The  old  corpus- 
cular theory  was  a  physical  absurdity  because  it  failed  to  consider 
that  corpuscles  must  have  size,  and  a  fixed  size.  Corpuscles  could 
fill  all  space  only  by  expanding  as  they  go  and  forming  hexagonal 
pyramids.  The  undulatory  theory  may  be  more  consistent,  and 
yet  it  is  exceedingly  hard  to  comprehend  ;  at  any  rate  the  language 
used  respecting  it  does  not  indicate  very  precise  views.  Isolated 
particles  may  oscillate^  strings  may  vibrate^  material  surfaces  may 
undulate^  but  no  one  has  ever  devised  a  word  to  indicate  those 
quaquaversal,  centrifugal  pulsations  which  some  suppose  to  con- 
stitute heat.  If  heat  is  the  motion  of  atoms,  it  is  oscillation.  If 
it  is  the  pulsation  of  ether,  it  is  not  exactly  undulation.  Instead 
of  conceiving  of  light  or  heat  in  spherical  space,  the  ph3^sicist  dif- 
ferentiates it  and  reasons  about  rays,  and  seems  to  consider  rays 
as  disembodied  mathematical  lines.  It  needs  the  habit  of  experi- 
ments to  keep  one  from  soaring  away  into  the  vague  empyrean. 
The  mathematician  may  arrive  at  wonderful  results  by  speculating 
on  matter  deprived  of  materiality,  but  nature  brings  his  devices 
to  naught  by  friction.  The  engineer  calculates  the  right  size  of 
his  iron,  but  omits  the  supervision  of  the  work,  and  the  bridge, 
that  according  to  mathematics  must  stand,  falls  by  reason  of  a 
clumsy  weld.  It  is  only  incorporeal  abstractions  which  can  be 
proved  by  mathematics.  The  physical  must  be  proved  by  appeals 
to  the  senses.  Experiment  and  observation  show  us  that  the  ab- 
solutely exact  is  unattainable  b}'  us.  Thus  men  with  great  skill, 
labor  and  expense  have  attempted  to  find  a  unit  of  measure  which 
may  be  referred  to  a  natural  standard,  and  have  after  all  settled 
down  to  a  really  arbitrar\',  material  rod,  of  which  copies  shall  be 
made  and  handed  down  to  the  coming  generations.  And  it  is 
now  a  problem  for  chemists  to  find  for  such  rods  a  suitable  sub- 
stance that  will  undergo  the  least  secular  variation  in  length. 
"We  have  come  to  see  that  there  is  no  absolute,  unchanging  solid. 
The  differences  between  the  solid,  liquid,  and  gaseous  states  of 
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matter  would  seem  to  be  those  of  degree  rather  than  of  kind. 
Andrews  showed  ten  years  ago  that  a  liquid  ma}'  become  a  gas 
without  change  of  bulk.  It  is  found  that  there  is  no  need  of  the 
ingenious  h3'pothesis  of  regelation  to  account  for  the  closing  up 
of  the  path  which  a  wire  cuts  through  ice.  Ice  is  really  plastic 
like  pitch ;  and  a  new  word  is  not  called  for  to  express  the  viscos- 
ity of  ice.  According  to  the  molecular  theories  of  the  present 
time  there  should  be  no  perfect  stability,  motion  being  the  univer- 
sal law.  There  is  a  tendency  to  indefinite  expansion  and  when 
different  substances  are  brought  in  contact,  their  molecules  tend 
to  interpenetrate.  Dalton  discovered  this  with  regard  to  gases, 
early  in  this  century.  Graham  afterwards  investigated  further 
the  diffusion  of  gases  and  found  that  liquids  also  slowly  inter- 
mingle. A  chapter  still  remains  to  be  written  on  the  diffusion  of 
solids.  When  we  put  together  ice  and  salt  there  is  a  mutual  re- 
action and  a  liquid  is  formed,  no  matter  how  cold  the  weather  is. 
It  is  strange  that  no  one  has  ever  attempted  to  explain  this  well- 
known  fact.  The  phenomenon  becomes  more  striking  when  we 
mix  two  salts,  one  of  which  contains  water  of  crystallization.  It 
was  found,  some  3'ears  ago,  that  solid  ferric  nitrate  would  react 
strongly  on  bicarbonate  of  ammonium  ;  but  here  the  stronger  acid 
might  have  an  attraction  for  the  stronger  base.  In  another  experi- 
ment ferric  nitrate  and  sodium  sulphate,  both  hydrated,  were  found 
to  liquefy  when  they  were  brought  together.  Strong  affinities 
could  not  be  concerned  here,  though  both  acids  and  bases  were 
different  and  there  might  be  double  decomposition.  Later  experi- 
ments, never  yet  made  known  to  the  world,  have  shown  that  chlo- 
i*ide  of  sodium  and  sal  soda  make  a  self-liquefying  mixture.  It 
still  remains  to  be  seen  whether  any  wholly  anhydrous  bodies  can 
be  found  which  will  melt  each  other.  Of  course  the  mere  word 
diffusion  does  not  explain  the  action  of  such  freezing  mixtures ; 
but  it  may  serve  provisionally  to  point  out  in  what  direction  the 
explanation  is  to  be  sought. 

There  is  another  form  of  diffusion  in  which  a  solid  septum  co- 
operates and  yet  is  not  itself  changed.  Osmose  is  well  known  as 
one  of  the  chief  agencies  or  phenomena  of  organic  life.  And  this 
leads  to  the  consideration  of  biological  chemistry,  a  branch  which 
has  yet  received  but  little  development.  Osmose  is  thought  to 
account  for  many  vital  operations,  but  osmose  is  not  precisely  the 
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same  in  the  living  as  in  the  dead  cell.  Some  chemists,  thinking 
that  atomic  oscillations  will  account  for  everything,  have  hooted 
at  the  idea  of  any  peculiarity  in  vital  action.  They  would  make 
out  that  things  grow  merely  by  the  joint  action  of  the  correlated 
molecular  motions  under  favoring  conditions ;  but  there  is  just 
the  same  heat,  light,  electricity,  moisture,  and  oxygen  working  on 
the  dead  as  on  the  living.  Life  itself  is  the  chief  condition. 
There  is  something  which  transforms  light  and  heat  into  the  right 
kind  of  chemical  force  or  motion.  Cells  grow  no  doubt  by  chemi- 
cal action,  but  what  limits  their  growth,  what  makes  them  divide 
and  thus  multiply  ?  What  makes  one  cell  produce  another  unlike 
itself?  Whence  come  the  partitioning  of  functions  and  the  as- 
signment of  these  functions  to  particular  cells?  Why  do  cells 
extend  in  certain  directions,  as  if  according  to  a  predetermined 
plan  ?  Why  is  the  leaf  of  the  oak  sinuated  and  the  leaf  of  the 
willow  entire?  Why  docs  the  stem  grow  week  after  week  and 
produce  nothing  but  ordinary  leaves  and  branches,  and  then,  as  if 
at  an  appointed  time,  concentrate  all  its  forces  to  form  the  floral 
whorls?  Why  does  the  matured  seed  show  no  sign  of  life  till 
spring,  though  you  plant  it,  water  it,  and  warm  it  in  early  winter? 
Is  the  little  protoplasmic  mass  of  a  primal  germ  cell  in  possession 
of  freewill  and  foreknowledge  absolute?  Oh,  no!  its  immense 
possibilities  and  potencies  are  said  to  come  from  heredity.  Is 
heredity  a  compacted  molecular  force  ?  There  must  be  something 
besides  matter  and  motion,  something  which  gives  direction  and 
directs  according  to  a  plan  foreordained.  The  director  is  life. 
Life  is  not  a  force,  but  it  controls  and  directs  the  forces.  Whence 
comes  the  plan  by  which  it  works  ?  There  is  a  point  of  progress 
in  thought,  at  which  "  tendency  to  variation,"  "  struggle  for  ex- 
istence," "  natural  selection  "  become  empty  words. 

But  with  the  essence,  the  ontology  of  the  h3'perphysical  and 
metaphysical  chemistry  is  not  concerned.  With  the  sensible  ' 
phenomena  of  life,  however,  chemists  have  much  to  do.  Suppose 
we  need  acetic  acid.  We  plant  seeds  that  have  life.  We  make 
sure  that  the  soil  shall  contain  what  vigorous  life  calls  for.  The 
living  germs  run  their  course  and  give  being  to  other  see<ls,  **  some 
forty,  some  sixty,  and  some  an  hundred  fold."  We  induce  the  new 
genns  to  sprout  a  little  and  they  transform  the  starch  into  glucose. 
We  call  in  the  aid  of  other  living  cells  to  break  up  the  glucose 
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and  give  alcohol.  And,  finally,  still  another  living  thing  constrains 
the  alcohol  to  oxidize  and  furnish  the  desired  product.  Again  we 
boast  much  of  the  S3'n thesis  of  a  valuable  organic  dyestuff,  as 
though  life  had  nothing  to  do  with  it.  But  when  we  trace  all  the 
steps  and  sum  up,  it  comes  to  ^'  these  are  the  spores  that  formed 
the  ferns  that  made  the  coal  that  produced  the  tar  that  yielded  the 
anthracene  that  gave  the  bibromanthraquinone  that  turned  into  the 
alizarine  that  Graebe  and  Liebermann  built."  Let  us  not  be  too 
proud  of  our  power  of  dispensing  with  life.  Furthermore,  let  us 
not  be  too  proud  of  our  power  to  reason  out  and  then  build  up  or- 
ganic compounds.  Graebe  and  Liebermann's  was  surely  a  grand 
discovery  with  which  accident  had  nothing  to  do.  Was  it  indeed? 
We  now  know  that  alizarine  has  at  last  seven  isomers,  and  there- 
fore it  was  by  a  rare  stroke  of  good  luck  that  the  German  chem- 
ists hit  upon  the  one  chance  in  eight  of  getting,  what  they  were 
seeking  for. 

Physiological  or  biological  chemistry  is  yet  in  its  infancy  and 
but  comparatively  few  tenderly  and  assiduously  care  for  it.  It 
has  much  to  do  with  indeGnite,  unstable,  evasive  colloids,  and 
most  chemists  prefer  to  take  easier  subjects  and  study  the  definite 
and  crystallizable.  The  interest  in  biological  study  is,  however, 
increasing,  and  there  is  much  patient  work  done  and  progress 
made  in  the  chemical  part  of  the  subject.  The  field  is  large  and 
there  is  room  for  many  courageous,  persevering  laborers.  Proxi- 
mate organic  analysis  still  remains  undeveloped.  The  world  does 
not  comprehend  the  light  that  we  already  have.  Thus  the  books 
still  call  the  ultraviolet  of  the  spectrum  "  the  chemical  rays,"  though 
Draper,  thirty  years  ago,  showed  that  it  is  yellow  light  which  is 
most  efficient  in  reducing  carbonic  acid  with  the  help  of  chloro- 
phj^ll.  Surely  the  assimilation  of  carbon  in  all  the  forests  and 
prairies  and  cultivated  fields  is  of  more  importance  than  the  re- 
duction of  silver  salts  in  a  few  photographic  studios. 

In  fermentation,  putrefaction,  nitrification,  and  in  zymotic  dis- 
eases vegetative  life  may  intervene,  but  how  much  do  we  yet  know 
as  to  what  is  cause  and  what  is  merely  cohcomitant?  When  the 
MeruUus  lacrymans  makes  its  troublesome  ravages,  does  its  my- 
celium ramify  infinitely  into  and  around  the  wood  cells  and  devour 
their  strength  with  some  corrosive  secretion  or  some  oxidizing  ex- 
halation ?    Or  does  it  merely  afiford  just  the  right  supply  of  moisture 
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to  favor  atmospheric  oxidation?  One  of  our  laboratories  here 
has  lately  furnished  most  excellent  specimens  of  this  unwelcome 
intruder,  which  appear  to  countenance  this  latter  view.  Certainly 
the  hydraulic  arrangements  of  the  fungus  are  well  calculated  to 
distribute  more  water  than  is  needed  for  its  own  growth  and  3*et 
allow  a  free  access  of  air  to  the  dampened  support. 

It  is  possible  that  biologists  at  present  tend  towards  extremes 
in  referring  so  many  things  as  they  do  to  the  presence  of  fungi, 
which  may  be  the  consequence  rather  than  the  cause  of  certain 
conditions.  We  should  always  remember  that  a  problem  is  far 
from  being  solved  when  we  have  simply  worked  out  the  value  of 
y  in  terms  of  the  still  unknown,  and  perhaps  unknowable  x. 

It  may  be  pertinent  to  inquire  whether  chemistry  tends,  as  many 
assume  that  all  physical  science  now  tends,  to  materialism.  I  be- 
lieve no  true  science  tends  that  way :  it  is  rather  the  lack  of  really 
liberal  cultivation  that  causes  such  dimness  of  vision.  Surely 
materialism  is  no  more  prevalent  now  than  it  was  among  the  an- 
cient Athenian?,  who  had  no  ph^'sical  science.  We  hear  much 
said  of  the  learning  and  culture  of  that  polished  people, —  and 
some  of  their  modern  imitators  ;  just  as  though  aesthetics  were  the 
only  science,  and  floriculture  the  only  culture ! 

Doubtless  heredity  influences  personal  belief,  and  the  blood  of 
those  seventeenth  century  colonizers  still  flows  in  human  veins ; 
blood  that  is  thicker  than  vapid,  all  attenuating  water.  But  there 
is  much  in  the  training  of  the  chemist  to  foster  a  wholesome  skep- 
ticism and  a  just  intolerance  ;  intolerance  of  human  pride  and 
human  dicta ;  skepticism  of  the  airy  theories  of  pseudo-science. 
We  would  by  all  means  welcome  free  thought ;  but  let  it  not  be 
the  reproduction  of  other  men's  opinions ;  let  it  not  be  mere  ci- 
phering with  algebraic  symbols ;  let  it  not  be  ridicule  and  confi- 
dent assertion,  the  glittering  weapons  of  fools ;  let  it  be  thought 
and  not  the  spurious  semblance  of  thought.  There  is  a  higher 
standard  than  ranting  declaimers  go  by.  "  *"  //  ah^Oeia  ikeuOepuiffe 
u/xa<:.**  *'  Ye  shall  know  the  truth,  and  the  truth  shall  make  3'ou 
free." 

In  chemical  practice,  the  constant  appeal  to  sensible  tests  and 
to  the  precision  of  the  balance  checks  reliance  on  hasty  assump- 
tions. The  stern  rule  that  the  sum  of  the  parts  nuist  equal  the 
whole,  that  percentages  must  count  up  one  hundred,  is  rigidly  en- 
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forced  and  the  discipline  is  severe  but  strengthening.  The  chem- 
ist soon  learns  that  exact  truthfulness  in  others  and  rigid  honesty 
in  himself  lie  at  tlie  very  foundation  of  science  and  real  knowl- 
edge, and  he  cannot  help  looking  on  laxity  in  experiment  or  state- 
ment as  the  unpardonable  sin. 

Again,  the  histoiy  of  chemistry  gives  little  encouragement  to 
conservatism,  for  perhaps  no  other  subject  is  so  well  calculated  to 
impress  one  with  the  idea  that  theories  are  but  the  changeable 
dress  of  science.  '^  Is  not  the  life  more  than  meat,  and  the  body 
than  raiment."  The  phlogistic,  dualistic,  caloric,  electrochemical, 
atomic,  nucleus,  radical,  mechanical,  catalytic,  and  biological  the- 
ories have  all  had  their  uses  for  a  time,  they  have  all  aided  the 
progress  of  science,  but  in  the  cliemistry  of  to-day  we  find  only 
well  trimmed  shreds  of  most  of  them.  The  review  of  the  enthu- 
siastic but  unstable  past  shows  how  often  men  have  remained  sat- 
isfied with  explanations  which  were  not  reasons.  We  all  wonder 
what  will  have  become  of  the  atomic  theory  itself,  when  the  cen- 
tennial of  its  promulgation  comes  round,  twenty-seven  years  hence. 

But  when  we  rise  above  the  reactions  of  brute  matter  and  the 
play  of  insensate  forces,  and  are  insensibly  led  on  to  look  into 
vegetative  life,  irritability,  sensation,  perception,  thought,  the 
transmission  of  thought,  the  self-analj'sis  of  thought,  and  the 
prime  origin  of  tliought,  all  theories,  actual  or  possible,  fail  to 
satisfy.  It  requires  something  more  than  lenses  and  chemical 
changes  of  the  retina  to  see.  A  noise  may  ring  the  tympanum 
and  not  be  heard.  AVe  cannot  trace  the  connection  between  phos- 
phorus and  sparkling  wit.  Pii3'sical  science  can  explain  only 
the  tools  of  thought  and  cannot  explain  all  there  is  of  them. 
There  is  no  peculiarity  in  the  matter  of  the  printed  page.  Its 
supposed  atomic  motions  give  no  clew  to  its  marvellous  power. 
As  we  turn  the  leaves  of  the  oldest  scripture  in  existence,  to  the 
eye  alone  there  is  only  paper  and  carbon  ;  yet  the  alphabetic  sym- 
bols convey  something  which  is  not  of  them,  but  beneath,  be3'ond, 
and  above  them.  Tiirough  them  we  see  a  grand  mirror  of  human 
trial.  To  the  ear  there  is  no  sound,  yet  this  ceonian  telephone 
brings  down  to  us  the  voice  of  Zophar  the  Naamatliite  uttering 
the  interrogative  negation,  "  Canst  thou  by  searciiing  find  out  God  ?" 
and  we  hear  the  yearning  cry  of  Job,  *'  O  that  I  knew  where  I 
might  find  him."     Then  by  '^  the  true  Light  which  lighteth  every 
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man  that  comcth  into  the  world/'  we  pei*ceive  that  the  revelation 
of  Him  as  something  more  than  the  vague  mainspring  of  creation, 
as  a  personal  being  who  still  lives  and  cares  for  every  one  of  us, 
comes  not  by  induction,  not  by  syllogistic  reasoning,  not  by  alge- 
braic analysis,  not  by  synthetic  philosophj',  not  in  acts  of  terror, 
not  in  works  of  power.  It  comes  in  the  still,  small  voice  which 
he  who  will  may  hear. 
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Laws  goverkino  the  Decomposition  of  Equivalent  Solutions 
OP  Iodides  under  the  influence  op  Actinism.  By  Albert 
K.  Leeds,  of  Hoboken,  N.  J. 

In  a  paper  published  in  the  Philosophical  Magazine  for  June, 
1879,  I  have  given  a  brief  review  of  the  controversy  as  to  whether 
potassium  iodide,  in  very  dilute  solution,  is  decomposable  by  sul- 
phuric acid.  I  likewise  pointed  out  that  the  explanation  of  the  op- 
posite views,  entertained  by  experimenters  upon  this  question,  was 
due  to  their  having  overlooked  the  essential  part  played  by  air  or 
oxygen  in  this  reaction.  This  last  was  brought  to  view  by  Baumert^ , 
in  the  course  of  experiments  by  which  he  showed  that  Andrews*, 
in  the  famous  investigation  undertaken  to  prove  that  Baumert's 
hypothesis  that  electrolytic  ozone  is  a  teroxide  of  hydrogen^  was 
false,  had  himself  fallen  into  an  error.  For  Baumert  showed  that 
when  a  stream  of  electrolytic  ozone  has  been  deprived  of  all  of 
its  active  oxygen,  by  passage  through  a  neutral  solution  of  iodide 
of  potassium,  it  may  briug  about  a  liberation  of  iodine  in  an  ac- 
idijied  solution,  placed  later  in  the  series,  many  times  greater 
(from  four  to  ten  in  the  experiments  tried)  than  that  effected  by 
the  ozone  itself  in  the  first  instance.  So  the  curious  fact  remains, 
that  while  Andrews'  main  conclusion  is  true,  all  the  results  by 
which  he  succeeded  iu  establishing  it  ar^  affected  by  a  constant 
error  and  are  in  excess  of  their  true  values.  The  triumph  of 
Andrews'  opinion  (1856),  that  ozone  contains  no  hydrogen  what- 
soever, but  in  its  substance-matter  is  identical  with  the  matter  of 
ordinary  oxygen,  probably  explains  why  the  permanently  valuable 
part  of  Baumert's  work  has  been  generally  lost  sight  of;  and  why 
the  erroneous  method,  of  titrating  ozone  with  an  acidified  solution 
of  potassium  iodide,  has  been  persisted  in  even  down  to  the  present 
day.     Ten  years  after  the  facts  above  stated  were  made  known  by 

1  Popg.,  Ann.,  XCIX,  p.  88. 

»  R.  Soc.  Proc,  VII,  p.  475;  Poffg.,  Ann.,  XCVIII,  p.  485. 

•  Phil.  Mag.,  VI,  p.  51 ;  Pogg.  Ann.,  LXXXIX,  p.  38. 
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Baumert,  they  were  rediscovered  by  Pay  en  ^,  who  extended  their 
application  to  the  action  of  nitric,  acetic,  oxalic  and  other  acids 
Vipon  dilute  solutions  of  potassium  iodide,  in  and  out  of  contact 
with  air. 

In  former  papers  *,  a  summary  of  which  is  given  in  the  Phil. 
Mag.  {loc.  cit.)^  I  have  shown  that  the  presence  of  oxygen  not 
merely  facilitates,  but  is  absolutely  essential  to,  the  occurrence  of 
the  reactions  iu  all  cases,  and  whether  the  reaction  occurs  in  open 
or  closed  vessels,  in  the  heat  or  cold,  in  darkness  or  in  light.  The 
only  exception  to  this  law  is  in  the  case  of  an  acid  like  nitric, 
which,  under  the  influence  of  light  (the  action  of  heat  alone  in  the 
absence  of  light  and  oxygen  is  being  investigated),  spontaneously 
breaks  up,  and  supplies  by  internal  change  the  essential  oxygen. 
The  experiments  made  to  determine  the  rates  of  decomposition, 
when  various  iodides  in  the  presence  of  different  acids  were  sub- 
mitted to  the  influence  of  the  magnesium,  electric  and  solar  rays, 
were  made  with  solutions  of  known  though  not  of  chemically 
equivalent  strength.  To  supply  this  defect  a  new  series  of  ex- 
periments were  performed  immediately  after  the  publication  of 
those  cited  above,  and  it  is  to  make  known  certain  remarkable 
laws  of  acti no-chemical  change  deduced  from  these  latter  experi- 
ments, that  the  present  article  is  written. 

The  solutions  were  of  such  strength  that  1  cc.  of  each  of  the 
acids  employed  was  chemically  equivalent  to  12.6  cc.  of  a  normal 
caustic  soda  solution  ;  the  iodides  were  each  exactly  equivalent  to 
the  20  per  cent,  solution  of  the  potassium  iodide.  1  cc.  of  the  iodide 
and  1  cc.  of  the  acid  were  used  in  each  trial,  the  volume  of  the 
test  being  made  up  to  100  cc.  by  the  addition  of  distilled  water. 
The  tests  were  contained  in  *' comparison-tubes  "  made  of  thin, 
perfectly  colorless  glass  of  uniform  bore  and  dimensions,  which 
were  supported  on  frames  in  such  a  manner  that  each  tube  should 
be  normal  to  the  incident  rays,  and  in  the  case  of  the  magnesium 
and  electric  lamps,  six  inches  from  the  focus  of  the  light. 

The  first  set  of  trials  was  made  to  determine,  whellier  the  addi- 
tion of  starch  as  an  indicator  facilitated  the  decomposition  under 
the  influence  of  light,  as  had  been  originally  supposed,  or  whether, 
as  later  on,  there  had  been  reason  to  think,  it  retarded  the  reaction. 

*  Conipt.  Rend..  LXIT.  p.  2^4. 

»  Proc.  Amer.  Clieni.  Soc,  1878,  II,  No.  4 ;  Jour.  Amer.  Chem.  Soc,  1870,  I,  p.  18;  ibid,, 
p.  (i5. 
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In  this,  OS  in  succeeding-  experiments,  the  amounts  of  iodine  lib- 
erated are  given  in  milligrammes. 

Effect  of  Starch  upon  the  Rate  of  Change  (March  18, 1879). 


Brilliant  Sun. 

1. 

.30-2.30  r. 

M. 

2.30-3.30. 

3.30-4.30 

Reagents. 

5cc 

.  starch  water 

30  cc.  starch. 

Ko  starch. 

"aSO.  +  KI 

0.48 

0..11 

1.65 

IICl 

1.18 

1.40 

3.50 

UNO.,           * 

3.10 

2.57 

8.50 

HjSO^+C.lT, 

0.40 

0.82 

1.65 

HCl 

1.90 

1.11 

3.55 

UNO,        •« 

2.80 

2.83 

3.40 

njSO^  +  Lil 

0.34 

0.40 

0.30 

HCl             " 

0.59 

0.73 

1.75 

ILVO,          •* 

2.70 

3.86 

a.  75 

HjSO^  +  KI 

0.48 

March  19, 

12  M.-l  P. 

M. 

Feeble  sunlight. 

njSO^  +  KI 

0.26 

1.8 

HCl 

0.40 

2.4 

JljSO^  +  Cdl, 

0.22 

1.6 

HCl 

0.40 

2.3 

H,S04+LII 

0.20 

1.3 

The  experiments  of  March  18th,  performed  as  they  were  with 
a  sun  approaching  the  horizon,  having  been  less  decisive  than 
could  have  been  desired,  they  were  repeated  upon  the  following 
day,  but  with  the  disadvantage  of  feeble  sunlight,  with  the  result 
of  showing  that  six  times  more  iodine  was  set  free  in  the  absence 
than  in  the  presence  of  starch.  The  suspended  precipitate  of 
starch  iodide  cut  off  the  light  except  upon  the  superficies  of  the 
solution.     Henceforth  the  employment  of  starch  was  abandoned. 

The  next  set  of  trials  was  instituted  in  order  to  observe  the  in- 
fluence upon  the  rate  of  change,  of  larger  access  of  oxygen  than 
that  derivable  from  the  air  already  dissolved,  or  in  contact  with 
the  solution  at  its  upper  surface.  To  this  end  tests  were  prepared 
in  duplicate,  and  through  one  pair  of  these  duplicate  solutions, 
the  comparison-tubes  being  connected  together  in  the  manner  of 
wash-bottlea,  a  slow  current  of  oxygen  was  passed. 

Influence  of  increased  supply  of  Oxygen. 


March  10,  1879.     11  A.  M.-12. 

Feeble  sunlight. 

With  Oxygen. 

Without. 

HjftO^-fKI                               7.15 

2.9 

HCl            *•                               10.60 

4.3 

Also  with  Nitric  Acid.        1  r.  M.-2. 

Snowing  at  time. 

HtSO,  +  KI                              5.25 

1.5 

HNO,        "                                 6.75 

2.5 
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The  absorption  of  ox5'gen,  when  sulphuric  and  hydrochloric 
acids  are  employed,  is  expressed  by  the  equations:  — 

(1)  4  KI  +  2  Hj  SO^  +  Oj  =  'i  IV3SO4  +  2  II5O  +  2 1»  and 

(2)  4  KI  +  4  IICl  +  Oa  =  4  KCl  -f  2  1I,<)  +  2  I,. 

And  since  100  cc.  of  water,  when  saturated  with  air  under  the 
ordinary  circumstances  of  temperature  and  pressure,  would  hold 
in  solution  only  about  1  mgrm.  of  oxygen,  the  maximum  amount 
of  iodine  which  could  be  liberated  during  one  of  these  tests,  in 
case  no  fresh  absorption  of  oxygen  took  place  from  the  upper 
surface,  would  be  16  mgrms.  The  influence  of  these  conditions 
upon  the  accuracy  of  the  estimations  made  with  the  lodo-acid 
Actinometers,  is  being  submitted  to  further  investigation. 

In  the  case  of  nitric  acid,  the  reactions  become  much  more  com- 
plicated. For  in  the  first  place,  of  the  three  mineral  acids,  nitric 
is  the  only  one  which  spontaneously  decomposes,  when  subjected 
to  sunlight  in  closed  vessels.  This  is  true  both  of  the  concen- 
trated acids,  and  when  diluted  with  500  times  their  volume  of 
water.  Moreover,  in  the  latter  case,  the  presence  of  starch  had 
no  influence  except  in  the  nitric  acid,  in  which  it  nearly  doubled 
the  rate  of  decomposition.  The  same  effect  of  starch  (whether  it 
is  true  of  organic  matter  in  general  has  not  been  determined)  is 
to  be  noted  in  the  above  table  of  decompositions  for  March  18th, 
in  which  it  will  be  seen  that,  in  the  trials  where  starch  was  present, 
the  amounts  of  iodine  liberated  by  nitric  acid  were  largely  in  ex- 
cess of  those  set  free  by  equivalent  amounts  of  the  other  acids. 
In  fine,  while  nitric  acid  conforms  to  the  general  law  of  actinic 
change  as  expressed  in  the  equation,  4  KI-|-4  lIN03-f-02  = 
4  KN08-|-2  n20-|-2  L,  it  is  likewise  subject  to  the  special  de- 
composition, 4 II NO3  (in  sunlight)  1=  2  N.JO4 -f~  2  IlgO  -|-  O2.  For 
these  reasons,  at  an  early  stage  of  the  inquiry,  the  actinometric 
use  of  nitric  acid  was  discontinued,  until  the  exact  influence  of 
temperature,  actinism,  oxygen  and  organic  matter,  upon  its  special 
rate  of  change,  had  been  established,  and  the  nature  of  the  accom- 
panying reactions.® 

In  order  to  study  the  influence  of  organic  acids,  trials  were 
made  as  above,  the  solutions  being  of  such  strength  that  1  cc.  of 


«  Gny-Lussac  Plates  (Ann.  <lc  ("hem.  ct  do  Phys.,  ISIO,  p.  oIT),  that  no  decomposition 
of  dilute  acid  takes  place  lu  the  1  ght  except  in  the  ine^enre  of  u  ceita in  quantity  of 
conceutrutcd  Kulphuric  ucid.    Also  that  tho  ilcconiposilion  i»  into  nitrous  acid. 
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each  was  chemically  equivalent  to  the  same  amount  of  the  mincn^l 
acid. 

Effect  of  Organic  Acids. 

March  20, 10.10  a.  M.-l.lO  p.  M.    Good  sunlight. 

Oxalic     Acid  -}-  Potassium  Iodide  ss(l,ii   mgrms.  L 

"  •»         Cadmium        "      =0.0         "       " 

"  "         Lithium  "      =5.75       •*       - 

Tartaric  Acid  +  Potassium      ♦*     =s0.lO       «*       •« 

"  "         Cuiimlum        «*      =0.00       •«       *« 

«*  «•         Lithium  ••      =0.00       «•       •* 

Nor  was  there  any  change  with  acetic  acid  during  this  three  hour 
interval.  To  determine  more  precisely  the  rate  of  change  effected 
by  the  organic,  as  compared  with  the  mineral  acids,  it  will  be  nec- 
essary to  make  simultaneous  estimations,  but  even  with  oxalic  acid, 
the  most  active  of  tliem  all,  it  is  evident  that  the  amount  of  de- 
composition was  relatively  small. 

An  actinometric  measurement  of  the  solar  ray  was  made  with 
the  equivalent  solutions  of  various  iodides  and  acids,  the  principal 
object  being  to  note  the  effect  upon  the  rate  of  decomposition  of 
different  acids  in  the  presence  of  the  same  base,  and  of  different 
basic  radicals  of  the  iodides  in  the  presence  of  the  same  acid. 
The  sunlight,  which  was  good  during  the  early  part  of  the  day, 
declined  towards  noon,  and  shortly  after  the  sky  became  overcast. 

Actinometric  Measurement  of  the  Solar  Rat,  March  26,  1879. 


"tSO*  +  KI 

iici 

u^o*  +  Cdl, 
HCl  •* 

H^O^  +  Lil 
HCI  " 


9M. 
10  a.m. 

10. 
10.31) 

lOJV 
-11 

1.55 

1.81 

2.1 

2.4 

2.6 

2.75 

1.5 

I.C2 

1.81 

2.4 

2.35 

2.G3 

1.18 

1.28 

1.41 

1.83 

1.9 

2.03 

n- 

IIJO 


2.06 

2.6r> 


1.81 

2.68 

1.35 
2.0 


IIJO 
.12 


1.87 
2.39 


1.5G 
2.09 

1.13 
1.56 


12. 
12.a) 


1.7 
2.15 


1.29 
1.79 

0.96 
1.25 


12J0 
-1 


1.6 
2.05 


1.19 
1.79 

0.03 
1.58 


1- 
JJO 


0.75 
2.0 


i.ia 

1.75 

0.93 
1.4 


MMlDt. 


1.08 
2.50 


1.49 
2.18 

1.15 

l.GO 


lUUot. 


H^O*:  nCl 
1:  1.48 


II,S04 :  HCl 
1:  1.4G 

UjSO^:  HCl 
1:  1.47 
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DIAGRAM    I. 

ACTINOMETRIC  MEASUREMENT  OF  THE  SOLAR  RAY, 

March  2G,  1870. 
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On  comparison  of  the  arithmetical  means  of  tbe  results  obtained 
in  fifty-four  trials  made  during  the  course  of  tlie  same  da}",  the 
striking  fact  is  brought  out  that  the  amounts  of  iodine,  liberated 
by  the  two  acids  in  the  presence  of  the  same  base,  stand  in  a 
constant  ratio  to  one  another.  The  law  of  actinic  force  herein 
indicated  may  provisionally  be  expressed  by  the  formula  —  the 
chemisni  of  the  chlorine  radical  is  to  that  of  the  ^  SO4  radical 
(measured  by  the  relative  amounts  of  iodine  liberated  by  each  re- 
spectively in  solutions  of  the  metallic  iodides  exposed  to  sun- 
light), as  1.47  :  1.  There  is  reason  for  inferring  from  the  experi- 
ments, that  a  similar  definite  ratio  exists  between  the  amounts  of 
iodine  liberated  from  dififerent  soluble  iodides  in  the  presence  of 
the  same  acid. 

Comparison  of  the  Actinic  Intensities  of  the  Solar^  Electric  and 

Magnesium  Light. 

In  making  this  comparison,  the  amounts  of  iodine  liberated  at 
the  hour  of  maximum  actinic  intensity  (1-1,30  p.  m.)  were  taken 
in  the  case  of  the  sun.  The  electric  light  was  that  emanating 
from  a  lamp  of  7000  candle  power,  falling  upon  the  solutions  at  a 
distance  of  six  inches  ;  the  magnesium*light  that  derived  from  the 
burning  of  a  single  ribbon  in  the  ordinary  lamp,  placed  at  the 
same  distance.  The  time  of  exposure  to  the  electric  light  was 
ten  minutes  :  to  the  magnesium  light  twenty-five  minutes  :  to  the 
sun  one-half  hour :  in  the  table,  all  are  calculated  to  one  hour. 


SoUr. 

Electric^ 

Magnesium. 

H,SO^  H-  KI 

S.70 

10.0 

0.064 

IICl         •• 

4.00 

24.0 

0.87 

iisso.-fcar. 

2.04 

9.5 

0.072 

IICl 

3.00 

24.0 

O.G 

IIjSO*  4-  Lil 

1.44 

6.0 

none 

IICl 

2.40 

15.0 

0.30 

A.  A.  i^.  S.,  VOL.  XXIX.  20 
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DIAGRAM  II. 

COMFABISON  OF  THE  ACTINIC  INTENSITIES  OF  THE 

SOLAR,  ELECTRIC.  AND  MAGNESIUM  LIGHT. 
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On  examining  this  table,  and  still  more  readily,  the  graphic 
illustration  accompanying  it,  two  phenomena  become  forcibly 
manifest: — 1st.  The  very  much  greater  actinic  intensity  of  the 
electric  as  compared  with  the  solar  ray,  when  compared  in  the 
manner  indicated,  and  the  very  much  less  intensity  of  the  mag- 
nesium J  2nd.  Instead  of  the  relative  chemisra  of  the  chlorine 
atom,  as  estimated  by  its  iodine-liberating  power  under  these  con- 
ditions, being  1.5  in  all  three  cases,  it  is  2.4  to  8  with  the  electric, 
and  10  with  the  magnesium  light.  The  examination  of  these  dif- 
ferences, as  related  to  the  actinic  forces  of  different  sources  of 
light  and  to  diflferent  acid  and  basic  radicals,  is  being  further  inves- 
tigated. 

Finally,  the  influence  of  absorbing  media  upon  the  invisible  rays 
of  the  sun  and  electric  light  was  determined,  the  comparison- 
tubes  being  surrounded  with  a  thickness  of  8  cm.  of  ammonio- 
sulphate  of  copper,  neutral  potassium  chromate  and  fuchsine,  each 
solution  being  brought  to  the  same  apparent  degree  of  translu- 
cency,  for  the  blue,  yellow  and  red  respectively.  The  exposure 
to  the  sun  was  from  9.30  a.m.  to  5.30  p.m.  ;  to  the  electric  light 
20  min. ;  but  both  are  reduced  to  the  interval  of  1  homr. 


Sun. 

Electric  Light. 

Blue. 

H,SO«  4-  KI 

0.74 

1.80 

HCl 

1.18 

6.75 

fellow. 

II,S04  +  KI 

O.U 

0.00 

HCl 

0.25 

0.12A 

Bed. 

H,SO,  +  KI 

0.S8 

0.60 

HCl 

0.66 

2.15 

These  figures  show  that  the  selective  action  of  absorbing  media 
upon  the  invisible  rays  of  different  illuminants  varies  greatly,  and 
suggests  the  employment  of  this  method  for  the  mapping  out  of 
absorption  spectra  for  the  actinic  portion:  Stevens  Institute  of 
Technology,  June,  1880. 

» In  order  to  bring  the  mngnesium  curve  into  the  same  diagram  as  the  others,  the 
numbers  in  the  magnesium  column  in  the  table  were  all  multiplied  by  ten. 


808  commercial  glucose  and  grape  sugar; 

The  Rotatory  Power  .  of  Commercial  Glucose  and  Grape 
Sugar.  A  Method  of  Determining  the  Amount  of  Reduc* 
iNO  Substance  present  by  the  Polariscope.  By  H.  W. 
Wiley,  of  Lafayette,  Ind. 

In  "the  trade"  the  name  "Grape  Sugar"  is  applied  onl}'  to  the 
solid  product  obtained  from  corn  starch.  On  the  other  hand,  the 
term  ''  Glucose  "  is  given  to  the  thick  S3Tup  made  from  the  same 
material.     I  shall  use  these  words  in  their  commercial  sense. 

Instruments  Employed. 

I  used  in  the  following  investigations  two  polariscopes,  made 
by  Franz  Schmidt  and  Hsensch,  Berlin. 

The  readings  of  these  instruments,  after  correction  for  displace- 
ment, agreed  well  together. 

The  one  was  the  instrument  ordiuarily  used,  in  which  the  purple 
ray  is  employed  and  the  quartz  half  moons  give  blue  and  red 
tints. 

The  other  was  the  Laurent  "  half  shadow." 

Both  of  these  instruments  are  graduated  to  read  100  divisions 
each  equal  to  1  per  cent,  sugar  with  a  solution  containing  26.048 
grams,  pure  cane  sugar  in  100  cc. 

In  addition  to  this  scale  the  "  half  shadow"  has  another  which 
gives  the  actual  angular  rotatiou.  This  is  especially  convenient 
when  Ihc  specific  rotatory  power  of  a  substance  is  to  be  deter- 
mined. 

The  angular  rotation  however  can  be  calculated  for  the  former 
instrument. 

For  if  we  take  the  speciQc  rotatory  power  of  pure  cane  sugar  at 
TS^'.S  we  have  the  following  equation  : 

73°.8  =  /J<J^.„  whence  a  =  38°.45 

Each  division  on  the  cane  sugar  scale  is  therefore  equal  to 
0°.3845  anijular  measure. 

This  quantity  corresponds  to  the  transition  tint.  It  is  different 
for  tlio  differently  colored  rays. 

In  the  *Mialf  shadow  "  polariscope,  an  instrument  particularly 
adapted  to  persons  afflicted  with  any  degree  of  color  blindness, 
the  mono-chromatic  light,  coming  from  the  sodium-Bunsen  lamp, 
passes  through  a  crystal  of  acid  potassium  chromate. 
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The  ray  thus  produced  is  less  rotatable  than  the  "transition 
tint."  When  the  instrument  gives  100  divisions  on  the  sugar 
scale,  it  shows  an  angular  rotation  of  only  34®  42'  =  34®. 7. 

One  division  therefore  of  the  sugar  scale  is  equal  to  0®.347 
angular  measure. 

To  determine  the  specific  rotatory  power  of  cane  sugar  for  the 
sodium-acid  potassium  chromate  ray,  we  use  the  following 
equation. 

Sp.  rot.  pr.  =  ^^^  =  C6'.6 

To  determine  the  specific  rotatory  power  for  any  other  substance 
which  has  been  determined  for  the  transition  tint,  we  multiply  by 
the  factor  .9024. 

Thus,  if  we  take  the  specific  rotatory  power  of  dextrin  for  the 
transition  tint  at  139®,  for  the  "  half  shadow "  tint  it  will  be 
139®  X  .9024  =  125®.4. 

These  data  rest  upon  the  accepted  formulae ; 

Here  a  =  angular  rotation. 
"    0  z=  specific  rotatory  power. 

"    e  =  amount  of  substance  in  one  gramme  of  the  solution. 
"    J  =  specific  gravity  of  solution. 
"    X  =  length  of  observation  tube. 
''  a;  z=  weight  of  substance  in  grammes. 

Material. 

The  glucoses  studied  in  the  following  examinations  were  made 
by  the  Peoria  Grape  Sugar  Company.  I  am  under  obligations  to 
Mr.  Wm.  Allen,  the  superintendent,  for  many  favors  in  connection 
with  my  work. 

The  grape  sugars  were  made  in  Buffalo. 

Rotatory  Power. 

The  average  value  of  ^for  the  "  half  shadow"  ra}'  is  nearly  85®. 
For  the  purple  ray  it  is  nearly  94®.  It  however  varies  extremely 
in  different  samples. 
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The  following  table  will  show  the  range  of  these  variations : — 

Shoiving  Variations  of  0  in  different  Specimens  of  Glucose  and 
Grape  Sugar ^  together  with  the  Specific  Gravities  of  the  same. 


No. 

B 

8p.  gr. 

No. 

$ 

Sp.  gT. 

1 

0150 

I.i06 

11 

80.?6 

1.416 

2 

91.50 

1.407 

12 

87.73 

1.422 

8 

08.10 

1.440 

13 

89.77 

1.417 

4 

79.03 

1.414 

14 

70.84 

1.4G3 

5 

75.47 

1.414 

15 

69.40 

1.463 

6 

83.97 

1.417 

16 

87.67 

1.412 

7 

82.75 

1.416 

17 

100.99 

1.427 

8 

86.41 

1.415 

18 

93.17 

1.431 

9 

84.11 

1.416 

10 

89.75 

1.409 

10 

87.10 

1.417 

20 

91.31 

1.421 

From  a  study  of  this  table  it  is  seen  that  within  small  limits  0 
is  independent  of  the  specific  gravity  of  the  solution. 

Nos.  14  and  15  were  grape  sugar  and  the  specific  gravity  Is 
much  higher  here  than  in  the  glucoses,  while  the  value  of  0  is 
much  less. 

Where  the  increase  in  density  however  is  considerable,  as  in 
8  and  17,  there  is  also  a  marked  increase  in  the  value  of  ^,  although 
this  increase  is  not  proportional  to  the  increment  of  specific 
gravity. 

In  masses  of  homogeneous  nature  and  structure  we  should 
expect  a  priori  that  0  would  always  be  proportional  to  the  density 
of  the  body,  i.  e.,  to  the  amount  of  optically  active  matter  in  a 
unit  number  of  grammes. 

It  is  tlius  seen  without  further  argument  that  commercial  glu- 
coses are  not  optically  homogeneous,  even  when  made  in  tlie  same 
factory  and  by  processes  which  do  not  sensibly  vary.  A  fiu'ther 
stud}'  of  these  optical  reactions  convinced  me  that  tlie  rotatory 
power  of  commercial  glucose  increased,  as  the  percentage  of 
reducing  substance  diminished.  The  following  table  shows  the 
value  of  0  and  tlic  corresponding  percentage  of  reducing  matter 
as  obtained  by  Fehling*s  solution. 
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No. 

$ 

Per  cent, 
reducing  matter. 

No. 

$ 

Per  cent, 
reducing  matter. 

1 

91JM> 

53.20 

11 

89.36 

53.50 

2 

91.50 

52.36 

12 

87.73 

56.49 

3 

98.10 

54.60 

13 

89.77 

5236 

4 

79.93 

61.73 

11 

70.84 

69.93 

5 

73.47 

02.50 

15 

69.40 

G9.80 

6 

63.97 

59.35 

16 

87.G7 

.     KM 

7 

82.75 

G1.40 

17 

109.99 

39.22 

8 

86.41 

58.80 

18 

93.17 

57J4 

9 

84.11 

58.55 

19 

89.75 

64  J7 

10 

87.10 

53.60 

20 

91.31 

56.81 

It  will  be  seen  by  the  above  table  that,  ae  the  per  cent,  of  reduc- 
ing matter  increases,  the  value  of  0  diminishes,  and  vice  versa. 
Nos.  14  and  17  show  extreme  cases  of  this  law. 

Nos.  3,  18  and  20,  because  of  their  high  specific  gravities 
should  not  be  included  in  the  above  generalization. 

Having  thus  established  the  law  that  the  per  cent,  of  reducing 
matter  is  in  general  inversely  as  the  value  of  0,  it  is  nest  pro- 
posed to  investigate  the  relation  between  these  two  quantities  and 
determine  wliether  it  is  constant  or  variable.  From  Nos.  1  and  2 
of  table  II,  it  is  seen  that  for  a  value  of  ^  =  91.50,  the  percentage 
of  reducing  mutter  is  52.78.  Let  us  say  for  convenience  in  calcula- 
tion that  0  =1  9\.o0  corres|)onds  to  reducing  substance  r=  53  per- 
centas:e.  Let  us  consider  next  some  of  the  cases  in  which  the 
value  of  0  dilfers  widely  from  91.50.  No.  17  of  above  table 
affords  an  example. 

The  difference  is  109.99  —  9 1 .50  =  18.49.  The  difference  in  the 
percentage  of  reducing  substance  is  53  —  39.22  =  13.78.  Thus 
an  excess  of  the  value  of  0  of  18.49  corresponds  to  a  deficit  of 
13.78  in  the  percentage  of  reducing  matter. 

Therefore  a  variation  of  each  degree  in  the  value  of  0  is  equiva- 
lent to  .745  ill  the  percentage  of  reducing  matter.  By  similar 
calculations  with  the  other  data  furnished  by  the  table  I  have 
found,  not  including  Nos.  3,  18  and  20,  marked  by  the  high 
specific  gravit}',  that  this  number  lies  between  .75  and  .78. 
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I  will  give  the  calculations  for  the  first  of  these  numbers  and 
compare  them  with  the  numbers  obtained  by  analysis. 


TA.BLE     III. 


No. 

Varia- 
tion of 

e. 

Per  cent. 

reducing 
matter 
by  .75 
factor. 

Per  cent. 
i*educing 
matter  by 
Fell  ling's 
solution. 

No. 

Varia- 
tion of 

e. 

Per  cent. 

reducing 
matter 
by  .75 
factor. 

Per  cent, 
reducing 
matter  liy 
Fehling'd 
solution. 

1 

0 

53. 

53.20 

11 

—  3.77 

55.82 

66.49 

2 

0 

53. 

52-36 

12 

—  1.73 

54.29 

56.18 

3 

—  12.03 

02.06 

61.73 

13 

-20.00 

68.32 

69.93 

4 

—  10.03 

65.03 

62.50 

14 

—22.10 

69.56 

60.30 

5 

—  7.53 

58.64 

50.35 

15 

—  3.83 

55.88 

56.09 

6 

—  8.75 

69.57 

61.40 

16 

+  18.49 

89.14 

89.22 

7 

—  5.07 

56.81 

58.80 

17 

—  1.75 

54.32 

54.0S 

8 

—  7.44 

5dJS8 

58.55 

18 

—     .19 

63.14 

66.81 

9 

—  4.30 

50.21 

66.G0 

19 

+*6.C0 

47.15 

64.60 

10 

—  2.14 

64.62 

53.50 

20 

+  1.66 

61.75 

5714 

In  the  above  table,  Nos.  18,  19  and  20  are  the  three  specimens 
with  high  specific  gravities ;  we  will,  therefore,  exclude  them  from 
the  discussion. 

In  the  other  numbers  the  percentage  of  reducing  matter,  as 
calculated  from  the  readings  of  the  polariscope,  falls  short  of  the 
amount  obtained  by  the  alkaline  copper  test  ten  times,  and  by  an 
average  of  1.018.  It  exceeds  that  amount  seven  times,  with  an 
average  of  .75. 

We  thus  see  that  the  polariscope  will  enable  us  to  compute  the 
reducing  matter  present  in  a  glucose  with  a  probable  error  of  less 
than  one  per  cent.  This  is  quite  accurate  enough  for  practical 
purposes. 

Perhaps  a  larger  number  of  determinations  should  be  made 
before  constructing  a  formula  for  determining  the  amount  of 
reducing  substance  in  a  "  straight "  glucose. 

The  following  formulae,  however,  are  given  provisionally,  subject 
to  some  slight  correction  derived  from  more  extended  data. 

We  may  have  three  cases  : 

1st.  The  value  of  ^  =  91.50. 
2nd.  "  "  "  "  <  91.50. 
8rd.     "         "     "  "  >  91.50. 
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In  the  first  case,  the  percentage  of  reducing  substance  in  a 
glucose  of  not  far  from  1.410  specific  gravit}'  will  be  nearly'  68. 

In  the  second  case,  the  required  percentage  may  be  found  by 
the  following  formula,  in  which  a  =  dififercnce  between  the  value 
of  0  and  91.50  and  g  =  percentage  reducing  substance  required. 

gr  =  53  +  .75a  or  .78a 

In  the  third  case  we  have 

^  =  53  —  .75a  or  .78a 

In  order  to  make  this  principle  of  more  general  application,  I 
have  modified  the  calculations  so  as  to  apply  the  formulae  directly 
to  the  cane  sugar  scale  of  the  instrument.  To  this  end,  for 
instruments  using  2G.048  grammes  for  100  divisions,  it  is  con- 
venient to  use  only  10  grammes  of  the  glucose.  If  26.048 
grammes  are  employed,  the  neutral  point  is  thrown  entirely 
beyond  the  limit  of  th6  scale.  Ten  grammes  is  the  quantity 
which  has  been  employed  in  the  following  table.  The  average 
reading  of  the  sugar  scale  for  ten  grammes  is  about  50.  In  Table 
IV  (p.  314),  will  be  found  the  results  of  my  experiments. 

The  calculations  (Table  IV,  p.  214)  were  made  from  the  follow- 
ing data. 

Starting  with  Nos.  1  and  2  and  discarding  small  fractions,  we 
find  that  53  divisions  of  the  cane  sugar  scale  correspond  to  53 
per  cent,  of  reducing  matter  nearly. 

By  a  method  of  calculation  entirely  similar  to  that  employed  in 
determining  the  reducing  matter  from  the  fluctuations  of  0^  I  have 
found  that  a  variation  of  one  degree  in  the  sugar  scale  corresponds 
to  an  inverse  variation  of  nearly  1.25  per  cent,  of  reducing  sub- 
stance. 

AVe  may  have,  as  in  the  previous  calculation,  three  cases. 

1  St.   The  reading  of  the  scale  z=  53 
2nd.     ''         "  "     "      "      >  53 

3rd.     "         "  "     "       «      <53 

In  the  first  case  53  =:  53  per  cent,  nearly. 

In  the  second  case  placing  a  for  the  reading  of  the  scale  we  have 

^  =  53  —  (a— 53)  1.25 

In  the  third  case  we  have 

^  =  53  +  (53  — a)  1.25 
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TABLTC    IV. 


No. 

Scale. 

Per  cent. 

reducing  8ub- 

Btance  by 

calculation. 

Percent  same 
by  copper  test. 

Difference. 

1 

52.65 

53.43 

53.20 

+       .23 

2 

52.65 

53.43 

52.36 

—     1.07 

3 

46.07 

61.66 

61.73 

—       .07 

4 

4.3.05 

04.90 

62.50 

+     2.40 

5 

48.04 

58.75 

59  35 

—       .CO 

0 

47.70 

59.63 

61.40 

—     1.77 

7 

49.80 

67.00 

58.80 

—     1.80 

8 

48.45 

KM 

58.55 

-f      .01 

9 

50.26 

56.45 

65.60 

+       .85 

10 

51.50 

54.88 

53.50 

+     1.30 

11 

50.57 

56.04 

56.49 

—       .45 

13 

51.74 

544» 

56.18 

—     1.60 

IS 

40.83 

68.21 

69.03 

—     1.72 

14 

40.00 

69.25 

69.30 

—       .05 

15 

50.53 

56.09 

56.34 

-       .27 

IG 

63  80 

39.50 

39.22 

-f       .28 

17 

51.73 

54.87 

54.05 

+       .32 

18 

52.63 

53.46 

56.81 

10 

5UJ» 

48.59 

54.60 

20 

5.J.70 

52.10 

57J4 

In  seven  of  the  first  seventeen  eases  the  percentage  of  reducing 
substance,  calculaterl  b}'  the  above  formulae,  exceeded  that  given 
by  the  copper  test,  and  by  a  mean  amount  of  .539. 

In  ten  of  them  it  fell  short  and  by  a  mean  amount  of  .938. 
This  method,  therefore,  can  be  relied  upon  to  give  results  which 
vary  from  the  copper  test  only  by  a  small  amount. 

Not  much  more  in  the  way  of  accuracy  can  be  claimed  for  the 
copper  tost  itself. 

In  Nos.  18,  19  and  20  we  have  again  the  cases  where  the  high 
specific  gravities  vitiate  the  results  of  the  calculation. 

Correction  for  Specific  Gravity. 

I  next  proceeded  to  investigate  a  method  for  correcting  the 
reading  of  the  polariscope  for  variations  caused  by  changes  in  the 
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specific  gravity  of  the  specimens.    First,  I  determined  the  per- 
centage of  water  in  glucoses  of  different  specific  gravities. 
Following  are  the  results  : — 

I. 

Specific  gravity  =  1.440 

Weight  taken     =  5.515 

Loss  =   .350  at  170*,  2  hours. 

Per  cent.  IIjO  =  .85  -i-  5.515  as  6.87 

IL 

Specific  gravity  =  1.431 

Weight  taken     =  5.80 

Loss  =  ^,  170*,  2  hoars. 

Per  cent.  H^O  =  .53  -l-  5.86  as  9.05 

III. 
Specific  gravity  =  1.409 
Weight  taken     =4.033 
Loss  =   .022, 170%  3  hours. 

Percent.  U,0  =  15.40 

IV. 

Specific  gravity  ss  l.ii6 

Weight  taken     s=  4.425 

Loss  a  M^f  170*,  2  hours. 

Per  cent.  11,0  =  11.03 

V. 

Specific  gravity  s  1.417 

Weight  taken     =  8.039 

Lods  s  1.031,  170*,  8  hours. 

Per  cent.  H,0  =  12.70 

VI. 

Solid  Grape  Sugar. 
Specific  gravity  =  1.463 
Weight  taken     =  7.215 
Loss  as  .61,  170*,  8  hours. 

Per  cent.  II,0  =  0.29 

These  data  are  scarce!}-  sufficient  to  establish  a  rule  for  correc- 
tion for  variations  in  specific  gravity ;  but  it  appears  from  them 
that  the  formulae  will  not  vary  much  from  the  following. 

The  rule,  53  divisions  =  53  percentage,  seems  applicable  to 
samples  in  which  the  percentage  of  IlgO  is  12  to  14  and  of  which 
the  specific  gravity  is  from  1.409  to  1.414. 

For  each  variation  of  .001  in  the  specific  gravity-,  the  percentage 
of  H2O  varies  about  .3. 

Thus,  if  we  take  the  two  extreme  cases,  viz.,  6.37  and  15.40 
percentage  of  II^O,  we  find  the  corresponding  specific  gravities 
to  be  1.440  and  1.409,  a  difference  of  .031. 
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The  difference  in  the  percentage  of  water  is  9.03.  The  quotient 
of  .0903  ^  .031  =  3  nearly. 

Let  us  apply  these  data  to  the  correction  of  Nos.  18,  19  and  20 
in  table  IV. 

I  give  below  these  numbers  and  also  their  corrections. 


No. 

Scale. 

Ueducing:  snb- 

littmre  by 

calculatio'n. 

Snmo  concctcU. 

Same  by  copper 
sohitiou. 

18 
1!) 
20 

C2.G3 
50.53 
53.70 

53.4G 
48.59 
62.10 

55.83 
55.17 
50.55 

5G.81 
51.00 
57.14 

The  above  corrections  were  based  on  the  supposition  that  53 
divisions  of  the  scale  correspond  to  53  percentage  reducing  mat- 
ter when  the  specific  gravity  =  1.409  and  the  percentage  water  15. 
We  may  therefore  construct  the  following  provisional  formulae, 
for  estimating  the  correction  to  be  applied  to  the  reading  of  the 
scale  when  the  specific  gravity  of  the  specimen  varies  much  from 
1.409. 

Let  a  =  reading  of  scale  ; 
''  a'  =  corrected  reading  ; 
"    c  =  sp.  gr.  of  the  sample. 


Then  a'  =z  a  —  3  a  (e  —  1.409)  when  the  specific  gravity  is 
greater  than  1.409  ;  and  a'  =za-{-3  a  (1.409  — e)  when  e  is  less 
than  1.409. 

I  next  propose  to  undertake  some  investigations  to  show  the 
nalQic  and  number  of  the  optically  active  principles  present  in 
glucose. 
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The  Effect  of  Heating  with  Dilote  Acids,  akd  Treating 
WITH  Animal  Charcoal  on  the  Rotatory  Power  of  Glu- 
cose ;  WITH  Notes  on  the  Estimation  of  Cane  Sugar  and 
Glucose  in  Mixtures.     By  H.  TV.  Wiley,  of  Lafayette,  Ind. 

Shaking  dilute  solutions  of  glucose  or  grape  sugar  with  auimal 
cbarcoal  produces  a  slimy  precipitate. 

I  use  the  words  glucose  and  grape  sugar  in  their  commercial 
sense.  By  glucose  I  niean  the  thick  syrup  made  from  corn  starch, 
and  by  grape  sugar,  the  solid  product  made  from  the  same  sub- 
stance. 

By  pure  glucose  I  mean  the  substances  present  capable  of 
reducing  the  alkaline  copper  solution.  I  will  not  take  time  here 
to  discuss  the  propriety  of  these  names,  nor  the  exact  nature  of 
the  substances  present. 

I  have  made  some  experiments  to  determine  the  effect  of  animal 
charcoal  on  the  rotatory  power  of  the  glucose  of  commerce.  The 
following  are  some  of  the  results  obtained. 

In  each  case  10  grammes  of  the  substance  were  taken  and  made 
up  to  100  cc.     The  observation  tube  was  200  mm.  in  length. 


experiments. 
I. 

Reading  before  Addition  or  coni 0S* 

Al ter  shaking  with  20  grammes  coal 47.20 

Loss 4.80 

II. 

Reading  before 52*.63 

After  addition  10  grammes  coal 50  .28 

Loss 2.G5 

in. 

Reading  before 52*.63 

After  addition  4  grammes  ivory  black 52  .38 

Loss .25 

IV. 

Reading  before 62*.20 

After  addttioii  4  grammes  ivory  black 51  .13 

Loss 1  .07 

V. 

Reading  before 62*.20 

After  addition  10  grammes  ivory  black 48  .13 

Loss 4  .07 
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From  these  figures  it  is  seen  that  a  ghieose  may  lose  nearly  10 
per  cent,  of  its  rotating  power  when  sliaken  with  animal  chai*- 
eoal. 

This  is  a  matter  of  great  importance  when  attempts  are  made 
to  examine  commercial  syrups  with  the  polariscope. 

These  syrups  arc  usually  highly  colored,  and  require  a  great 
deal  of  lx>nc  black  and  lead  acetate  to  make  them  fit  for  polari- 
scopic  examination.  I  have  not  3'et  tried  the  action  of  lead  acetate 
on  the  rotatory  power  of  glucose. 

Heating  wfth  Dilute  Acids. 

The  following  readings  as  well  as  those  in  the  preceding  part  of 
this  paper  are  divisions  on  the  cane  sugar  scale. 

I. 

A  glucose  gave  direct  reading 6S*.7 

Heated  to  G8*  with  10  per  cent,  of  its  volume  of  strong  sulphuric 
acid.    Reading C3  .06 

Loss 74 

XL 
Heated  same  glucose  for  50  minutes  at  08*.    Reading 50*. 76 

Loss 2  .04 

in. 

Direct  reading  nnotlier  glucose 43*.S6 

Heated  for  10  min.  at  08*  with  10  per  cent,  of  its  volume  strong 

UCl.    Reading 43*.0S 

Loss 34 

IV. 
Heated  same  glucose  20  min.  at  G8*.    Reading 42*.36 

Loss 1  .00 

V. 
Heated  same  for  30  min.  at  08**.    Reading 40*.16 

Loss 3  .20 

VL 
Heated  same  for  one  hour  at  68".    Reading 39*.26 

Loss 4.10 

The  per  cent,  of  rt'during  substance  in  tlie  above  sample  before 

heating  with  the  acid  was G2*.50 

AOer 65.58 

I ncrease 8  . W 

Thus  a  loss  of  4.10  on  the  cane  sugar  scale  corresponded  to  a 
gain  of  3.08  per  cent,  in  reducing  power. 
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VII. 

A  grnpe  sugar  £fave  direct  reading 40*.83 

Heated  with  j  it3  volume  strong  HCl  for  20  niin.  at  G8*.    Re&ding   31 .70 

Loss 0.13 

VIII. 

A  grnpe  sugar  gave  direct  reading 40*.00 

Aacr  licating  witli  ^  vol.  IICl.  for  15  min.  at  G8*.     Reading 82  .52 

Loss 7  .48 

The  per  cent,  of  reducing  substince  in  the  above  was,  before 

heating C9*.30 

Aacr  heating 71*.60 

Gain 2.20 

Thus  a  loss  of  7.4S  divisions  in  rotating  power  corresponded  only 
to  an  increase  of  2.20  per  cent,  in  reducing  power. 

It  will  be  seen,  by  inspection  of  the  foregoing  numbers,  that 
ghicose  and  grape  sugar  undergo  quite  a  degree  of  change  when 
subjected  to  the  process  of  inversion  as  it  is  practised  on  cane 
sugar. 

This  change  is  sufficiently  great  to  introduce  an  appreciable 
error  into  the  process  of  estimating  cane  sugar  and  glucose  in 
mixtures. 

Conversion    of    the   whole  op  the  Optically  Active  Sub- 
stances IN  Glucose  into  pure  Mono-rotatort  Glucose. 

I  next  made  an  attempt  to  convert  the  whole  of  the  optically 
active  substances,  present  in  glucose,  into  pure  glucose,  by  pro- 
longed heating  with  dilute  sulphuric  acid. 

The  conversions  were  made  in  a  flask  fitted  with  a  glass  tube 
about  one  metre  in  length. 

By  this  device,  vapors  arising  are  condensed  and  flow  back 
into  the  flask.     Thus  no  loss  of  volume  takes  place. 

The  flask  was  at  first  heated  in  a  water  bath  at  100°. 

The  conversion,  however,  took  place  so  slowly  b}'  this  method, 
that  I  afterwards  added  enough  salt  to  the  bath  to  raise  the  tem- 
perature to  104°. 

The  sulphuric  acid  employed  was  of  1.25  sp.  gr.,  and  was  used 
in  the  proportion  of  10  per  cent,  of  the  volume  of  the  glucose 
solution.  The  readings  were  made  in  a  tube  longer  by  one-tenth 
than  half  of  the  length  of  the  200  mm.,  and  the  results  multiplied 
by  2. 
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The  following  table  contains  the  results  of  ni}'  work. 
Nos.  1.  2,  and  3  were  heated  at  100°.      No.  1   for  six  hours, 
No.  2  for  four  hours,  and  No.  3  for  three  hours. 

Nos.  4,  5,  and  G  were  heated  for  three  hours  at  102°. 

Nos.  7,  8,  9,  10, 11,  and  12  were  heated  for  three  hours  at  104°. 

TABLE    I. 


Xo. 

Rending  before 
heating. 

Per  cent. 

redncinK  nintter 

before  heating. 

Ren  dint?  nacr 
healing. 

Per  cent. 

reducing  matter 

atier  heating. 

1 

52.G5 

53.20 

25.92 

81.30 

2 

48.40 

09.35 

27.14 

80.00 

3 

48.45 

58.55 

2G.10 

80.00 

4 

43.50 

02.50 

24.72 

79.00 

5 

50.20 

55.00 

24.18 

82.00 

G 

51.50 

53.50 

25.38 

81.14 

7 

52.05 

52.3G 

23.89 

83.33 

8 

50.53 

54.CO 

27.30 

90.10 

0 

51.74 

52.33 

20.19 

82.00 

10 

47.70 

CI. 40 

25.30 

82.04 

11 

49.80 

68.80 

2G.02 

84.00 

12 

40.83 

00.03 

20.07 

84.80 

In  all  cases  the  samples  assumed  a  decidedly  yellowish  tint  be- 
fore the  completion  of  the  operation  ;  interfering  somewhat  with 
the  delicacy  of  the  final  readiu<]:s. 

No.  8  was  a  sample  of  glucose  made  for  confectioners'  use.  If 
we  exclude  it,  we  get  the  following  general  results. 

1st.  The  per  cent,  of  reducing  substance  obtained  is  nearly 
82.00. 

2nd.  The  average  reading  of  the  cane  sugar  scale  is  nearly 
25.5  divisions. 

3d.  If  the  pure  glucose  present  is  mono-rotator}^,  the  specific 
rotatory  power  0  would  be  ^  =  HTxhT"^  ~  ^^  nearly.  8°.85  is 
the  angular  rotation  (half  shadow)  corresponding  to  25.5  di- 
visions of  the  scale.  But  the  specific  rotatory  power  of  pure 
glucose  for  the  half  shadow  in  the  polariscope  is  suj>2^o£ed  to  be 
nearly  50.     We  have  then  here  an  excess  of  0  equal  to  4. 
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4th.  This  excess  is  due  to  the  presence  of  optically  active 
matter  of  a  higher  specific  rotatory  power  than  pure  glucose, 
which  has  not  been  changed  even  by  prolonged  boiling  with 
dihite  acid. 

I  conclude,  therefore,  that  it  is  quite  difficult  to  convert  the 
whole  of  the  optically  active  matter  into  pure  mono-rotatory 
ghicose. 

Examination  of  Mixtures. 

In  the  examination  of  mixtures  of  cane  sugar  and  grape  sugar, 
it  is  necessary,  first,  to  obtain  the  direct  reading.  Afterwards, 
the  cane  sugar  is  to  be  inverted,  using  at  the  most  not  more  than 
ten  minutes  for  this,  and  keeping  the  temperature  at  68®.  It  is 
simply  necessary  to  lieat  to  C8®  and  then  quickly  cool. 

After  inversion,  the  temperature  is  carefully  noted  and  another 
reading  taken.  Then,  by  Clerget's  table,  tlie  per  cent,  of  cane 
sugar  is  calculated.  This,  liowever,  will  only  be  approximately 
correct.  We  next  calculate  the  whole  amount  of  rotation  pro- 
duced by  the  approximate  amount  of  grape  sugar  present.  Having 
determined  this,  the  reading  after  inversion  is  to  be  corrected,  for 
the  effect  of  inversion  on  the  rotatory  power  of  the  grape  sugar 
present.  The  average  correction,  when  the  heating  has  been 
carried  just  to  68°,  will  be  about  two  per  cent,  of  the  whole 
rotation  due  to  the  grape  sugar.  If  the  process  of  inversion  is 
carried  on  for  an  hour,  as  is  the  practice  with  some,  this  correction 
ma}'  amount  to  10  i>er  cent. 

Jf  the  amount  of  glucose  present  is  very  small,  this  correction 
can  be  neglected.  But  if  the  amount  is  large,  a  failure  to  correct 
will  introduce  an  oppreciable  error  into  the  result.  If  animal 
charcoal  has  been  used,  a  correction  must  be  mrfde  also  for  it, 
depending,  as  has  been  shown,  upon  the  amount  employed,  and  also 
upon  some  other  conditions  which  are  not  yd  clearly  made  out. 

It  is  easy  to  see  into  how  grave  an  error  we  might  fall,  should 
we  attempt  to  estimate  directly  the  per  cent,  of  reducing  sub- 
stance present  in  such  mixtures  from  its  rotatory  power.  I  have 
shown  in  a  previous  paper,  that  the  per  cent,  of  such  reducing 
substance  is  not  directly  but  inversely  as  its  rotatory  power. 

The  error  would  be  equally  as  grave,  if  the  amount  of  the 
grape  sugar  present  should  be  computed  by  using  a  factor  sup- 
posed to  represent  the  amount  of  such  substance  for  each  division 
of  the  scale.      Such  a  method  is  based  upon  the  assumption  that 
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ibe  rr/tat//ry  poirer  of  grape  sagar  is  constiwt  and  pix^KMlioiial  to 
tJUt  reducing  f>utsiaiice  present.  My  paper,  already  mentioned, 
•bows  that  this  osMiamption  is  false. 

Sriicps. 

When  wc  corne  to  the  syrups  of  commerce,  the  case  becomes 
still  more  difficult.  These  83*nips  are  glucose  adulterated  with  so 
called  cane  nyrups,  i.  e.,  with  the  drippings  and  refuse  of  the 
sugar  rcflncrics. 

Among  tliCHC  s^'rups  which  are  commonly  used,  I  may  mention 
the  lievere  and  the  Continental. 

A  Ileverc  syrup,  which  I  examined,  had  a  specific  gravity  of 
1.425,  and  contained  34.5  per  cent,  cane  sugar. 

A  Continental  syrup  had  a  specific  gravity  of  1.415,  and  35.7 
per  cent,  cane  sugar.  It  also  contained  32. C4  per  cent,  of  inverted 
sugar. 

It  is  easy  to  see  how  the  admixture  of  such  syrups  with  glucose 
tends  to  demorulizc  the  results  of  the  alkaline  copper  test,  and 
mystify  the  readings  of  the  polari scope. 

No  wonder  that,  heretofore,  such  egregious  blunders  have  been 
committed  in  these  examinations.  It  is  only  when  examinations 
arc  made  with  a  full  knowledge  of  the  optical  peculiarities  of  the 
commercial  glucose  itself,  and  of  the  composition  of  the  cane 
syrups  enii)loyed,  while  at  the  same  time  attention  is  paid  to  the 
changes  produced  by  inversion  and  clarification,  that  the}*  can  be 
relied  upon  as  correct. 

Observation  Tubes. 

In  the  polariscopic  observation  of  inverted  sugars,  I  use  a 
copper  tube,  silver  plated  inside  and  out.  I  find  the  most  con- 
venient length  to  be  110  mm.  This  tube  enables  the  readings  to 
bo  miulo  without  the  trouble  of  neutralizing  the  acid. 

The  Nilvor  plating  of  the  tube  is  not  neccssar>',  but  it  makes  the 
working  with  It  a  little  cleaner.  Pure  copper  can  be  used  without 
ony  tlunger  whatever  of  the  acid  acting  on  it. 

1  UNO  a  tube  of  thin  copper  and  of  small  diameter.  A  few  cc. 
will  fill  (>!u>  of  those  tulws.  Such  a  tube,  when  filled,  quickly'  takes 
tlio  tompeiaturo  of  the  surrounding  air.  1  have  found  by  ex- 
l>oriu)onts,  that  when  such  a  tube  is  filled  with  a  liquid  several 
degrees  above  or  below  the  temperature  of  the  air,  in  twenty  min- 
utes it  will  ditfcr  by  less  than  half  a  dogrce  fix>m  that  tem^Ki-ature. 
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If  an  ordinary  glass  tube  is  employed,  it  is  quite  difficult  to  say 
bow  much  time  will  be  required  to  restore  the  equilibrium  of  tem- 
perature. My  experiments  show  that  it  will  require,  at  least,  from 
two  to  three  times  as  long. 

I  also  provide  this  tube  with  a  metallic  jacket,  very  con- 
veniently made  of  a  piece  of  zinc  tubing.  This  jacket  is  a  little 
less  in  diameter  than  the  metallic  caps  of  the  tube,  and  is  of  such 
a  length  that  when  the  caps  are  screwed  on,  the  jacket  fits  against 
a  shoulder  turned  on  them.  The  joint  is  made  water-tight  by 
using  a  rubber  packing. 

This  jacket  is  furnished  with  three  openings,  fitted  with  short 
tubes.  One  in  the  centre  carries  a  thermometer.  One  at  each 
end  serves  as  a  supply  or  exit  tube  for  any  liquid,  which  we  may 
wish  to  pass  through  the  jacket. 

By  simply  drilling  a  hole  in  the  trough  of  the  polariscope  for 
the  exit  tube,  the  whole  apparatus  can  be  placed  at  once  in 
position. 

If  now  3'^ou  wish  to  make  a  reading  at  a  temperature,  say  of  88®, 
it  is  done  in  the  following  way : 

In  a  large  flask  or  tank,  placed  at  one  side  and  above  the  polar- 
iscope, and  holding  several  litres,  water  is  heated  to  a  temperature 
of  about  92°.  By  a  rubber  tube,  this  is  connected  on  the  prin- 
ciple of  a  siphon  with  the  observation  tube  and  its  jacket.  By 
means  of  a  pinch  cock  attached  to  the  exit  tube,  the  hot  water  is 
allowed  to  flow  through  the  jacket  until  the  thermometer  shows 
the  temperature  desired.  It  is  hardly  necessary  to  say  that  the 
observation  Cube  must  be  filled  at  a  temperature  near  that  at 
which  the  reading  is  to  be  made  to  prevent  expansion. 

If  we  desire  to  make  a  reading  at  0°  corresponding  to  44°  to  the 
left  Clerget,  we  replace  the  water  by  alcohol,  wliich  is  cooled  by  a 
salt  and  ice  bath  to  — 3°  or  — 4°.  The  apparatus  is  then  used  as 
before. 

We  have  thus  a  means  of  making  readings  at  any  desired  tem- 
perature without  having  to  mutilate  the  polariscope,  as  is  done  by 
fitting  it  with  a  water  bath.  I  will  say,  however,  that  a  judicious 
use  of  Clerget's  principle  renders  readings  at  a  given  temperature 
unnecessary.  They  are,  however,  useful  in  certain  complex  mix- 
tures by  making  certain  calculations  unnecessary. 

I  propose  next  to  extend  my  investigations  to  candies  and  other 
confections  in  which  glucose  enters  as  an  ingredient. 
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Salt  solltions  and  the  Absorption  of  Gases.    By  E.  L.  Nichols, 
of  Baltimore,  Md. 

The  experiments  described  in  a  paper  presented  by  Mr.  Wheeler 
and  myself,  on  the  Coefficient  of  Expansion  of  Gas-solutions, 
give  new  evidence  of  an  analog}*,  which  I  had  for  some  time  sus- 
pected to  exist  between  the  processes  of  salt-solution  and  the 
absorption  of  gases  by  liquids.  The  phenomena,  by  reference  to 
which  this  analogy  can  be  best  shown,  are  too  familiar  to  need 
description.  It  is,  however,  necessary  to  consider  the  explanation 
of  them,  afforded  by  the  kinetic  gas  theory  ;  it  being  by  means  of 
this  theor}'  that  the  relations  in  question  can  be  most  simply 
expressed. 

When  a  liquid  and  a  confined  portion  of  gas  have  been  for  some 
time  in  contact,  a  constant  condition  is  reached.  In  common 
parlance,  the  liquid  is  then  saturated  with  the  gas,  and  the  vnpor 
in  the  atmosphere  above  the  liquid  is  at  its  maximum  tension  for 
that  tenii)erature  and  pressure.  Now,  in  the  terms  of  the  kinetic 
theory  of  gases,  the  state  of  things  is  as  follows  :  There  are  two 
fluid  mixtures  having  one  surface  in  common,  across  which  surface 
a  double  interchange  of  molecules  is  continually  taking  place. 
The  upper  mixture  consists  of  two  kinds  of  molecules  moving 
through  long,  free  paths ;  the  lower  of  two  kinds  of  molecules 
(chemically  identical  with  the  first  two  varieties)  moving  through 
short  free  paths.  The  rate  at  which  the  molecules  cross  the 
common  surface  differs  according  to  their  kind,  but  the  number  of 
each  kind  crossing  in  one  direction,  in  a  unit  of  time,  is  precisely 
equal  to  the  number  of  the  same  kind  crossing  in  the  opposite 
direction.  Upon  this  last  fact  depends  the  maintenance  of  the 
constant  condition  in  the  two  halves,  and  it  is  to  this  fact  we  refer 
when  we  speak  of  the  saturation  of  the  liquid,  and  of  the  maxi- 
mum tension  of  the  vapor. 

Suppose,  on  the  other  hand,  that  a  liquid  and  some  solid  which 
is  soluble  in  it  are  iu  contact.  After  a  time,  as  in  the  former 
case,  a  constant  state  is  reached,  which  state  we  also  express 
by  the  term  saturation.  We  are  not  able  to  tell  with  the  same 
certainty,  what  takes  place  between  solid  and  liquid,  because  the 
kinetic  gas  theory  has  not  been  extended  to  cover  these  cases  ; 
but   from  the  theory  as   at  present  understood,  we   may  safely 
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assume  that  the  liquiil,  after  saturation,  consists  of  an  aggregation 
of  indcpendcutly  moving  molecules,  making  very  short  excursions. 
It  ii  probably  composed  of  two  sets  of  molecules ;  molecules  of 
the  original  liquid,  and  molecules  of  the  dissolved  salt.  By  mole- 
cules arc  meant,  sinipl}',  such  particles  as  in  a  gas  or  liquid  move 
independently.  I  shall  presently  give  reasons  for  assuming  the 
solution  to  be  a  mixture  of  this  kind  rather  than  a  collection  of 
complex  molecules,  such  as  might  be  formed  by  any  combination 
of  the  salt  and  liquid  molecules. 

To  account  for  saturation,  we  must  assume  one  of  two  things : 
that  the  rate  at  which  particles  leave  the  solid  mass,  during  the 
process  of  solution  and  begin  a  course  of  independent  excursions 
throughout  the  solution,  grows  slower  from  time  to  time,  and  that 
this  process  finally  ceases  entirel}',  or  that  a  reverse  process  sets 
in  which,  after  a  time,  counterbalances  the  first  movement.  If  wo 
adopt  the  hypothesis  that  there  is  a  return  of  salt-molecules  to  the 
solid,  the  rate  of  which  return  grows  more  and  more  rapid  as 
the  solution  becomes  stronger,  until  finally  the  number  of  particles 
returning  in  a  unit  of  time  prcciseh'  equals  the  number  torn  loose 
by  the  action  of  the  liquid,  we  obtain  an  explanation  of  the  satura- 
tion of  salt-solutions  jsimilar  to  the  generally  accepted  explanation 
of  the  saturation  of  liquids  by  gases.  The  process  of  solution  can 
then  he  treated  as  a  special  case  of  the  general  process  known  as  fluid 
diffusion. 

The  other  hypothesis  leads  to  no  such  simple  explanation.  To 
account  for  the  cessation  of  the  process  of  solution,  it  becomes 
necessary  to  reject  the  supposition  just  made  concerning  the  con- 
stitution of  the  solution,  and  to  suppose  some  combination  of  the 
salt  and  liquid  into  complex  molecules  incapable  of  further  action 
upon  the  solid  salt.  The  point  of  saturation  can  be  thus  accounted 
for,  but  many  secondary  phenomena,  which  follow  directly  under 
the  first  hypothesis,  remain  unexplained. 

There  are  other  reasons  for  regarding  salt-solution  as  a  process 
of  fluid  diffusion.  When  a  body  passes  from  the  liquid  into  the 
gaseous  or  solid  states,  it  experiences  under  certain  conditions 
what  I'rof.  James  Thomson  has  called  a  ^^difficuUy  in  heginniug  the 
change  of  state.'*  It  is  supposed  that  the  same  difficulty  would 
exist,  when  vai)or  is  cooled  to  the  condensing  point,  if  it  were 
feasible  to  fulfil  the  necessar}'  condition.  This  condition  is  the 
entire  absence  of  the  substance  in  question  in  the  state  into  which 
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the  rest  of  the  substance  is  ready  to  pass.  Thus  in  the  cooling 
of  water  below  the  freezing  point,  a  bit  of  ice  causes  the  immedi- 
ate congelation  of  the  entne  mass  ;  in  the  superheating  of  water, 
the  presence  of  the  smallest  globule  of  saturated  vapor  below  the 
surface  of  the  liquid,  brings  about  explosive  boiling.  Knowing 
this,  it  is  easy  to  surmise  the  nature  of  this  difficulty  of  beginning 
the  change  of  state ;  the  change  of  state  is  a  process  of  fluid 
diffusion  involving  the  presence  of  the  substance  in  both  states, 
and  the  reluctance  to  begin  the  change  occurs  whenever  the  sub- 
stance is  present  in  one  state  only.  In  the  super-satnration  of 
salt-solutions  this  same  difficulty  of  beginning  the  change  of  state 
occurs  ;  and  the  difficulty  disappears  when  a  particle  of  the  sub- 
stance in  the  solid  state  is  introduced  into  the  solution  ;  Just  as 
in  the  other  cases  it  vanished  so  soon  as  the  substance  was  present 
in  the  two  states.  This  indicates  that  the  process  is  the  same  in 
the  two  cases ;  in  a  word,  that,  as  we  had  concluded  from  other 
considerations,  solution  is  a  process  of  fluid  diffusion. 

The  other  phenomena  connected  with  the  change  of  state  admit 
of  equally  simple  explanations,  if  we  adopt  one  more  hypothesis 
concerning  the  nature  of  liquids.  I  feel  the  more  confidence  in 
making  use  of  this  h3'pothesis,  since  Professor  Clausius  has  sug- 
gested and  defended  it  in  a  recent  paper  in  Poggendorff's  Annalen. 
According  to  this  view,  the  liquid  molecule  (meaning  again  by 
molecule  that  portion  of  the  liquid  which  moves  independently) 
is  an  aggregation  of  the  gas-molecules  of  the  substance ;  and 
its  mass  is  a  function  of  the  temperature — decreasing  as  the 
liquid  is  heated.  Andrews*  critical  point  is  then  for  each  liquid, 
the  temperature  at  which  the  liquid  and  vapor  molecule  are  iden- 
tical. At  lower  temperatures,  the  ability  of  liquid  and  vapor  to 
exist,  side  by  side,  exhibiting  such  different  properties,  is  explained 
by  the  difference  in  the  size  of  their  molecules.  Under  this  h}'- 
pothesis,  the  .total  energy  necessary  to  the  vaporization  of  a  liquid 
is  divided  into  two  portions :  that  involved  in  raising  the  mean 
velocity  of  the  molecules,  and  that  consumed  in  breaking  up  the 
larger  molecules  into  smaller  ones.  This  latter  portion  is  in 
common  parlance,  the  latent  heat  of  vaporization  ;  it  decreases  with 
rise  of  temperature,  and  at  the  critical  point  becomes  equal  to 
zero. 

Under  this  hyi)othesis,  finally,  we  can  account  for  the  high  rate 
of  evaporation  of  gases  in  solution  and  the  low  rate  of  salts  in  so- 
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lution.  During  evaporation  it  is  chiefly'  the  molecules  of  highest 
velocity  ^'hicU  escape  —  heucc  the  lowering  of  the  temperature  of 
the  liquid  from  the  evaporation.  If  tlie  liquid  molecules  of  a  gas 
solution  arc  of  much  greater  mass  and  of  much  snialler  mean  veloc- 
ity than  the  gas  molecules,  the  absorption  of  the  latter  will  raise 
the  mean  velocity  of  the  mixture,  and  cause  the  well-known  rise 
of  temperature  due  to  absorption,  but  the  small  gas  particles  will 
retain  their  own  high  velocity  instead  of  imparting  them  to  the 
large  liquid  molecules. 

Were  gas  molecules  and  liquid  molecules  of  nearly  equal  mass, 
a  distribution  of  velocities  would  occur,  since  by  a  single  collision 
the  entire  velocity  of  a  gas  molecule  could  be  imparted  to  some 
liquid  molecule  ;  but  it  is  evident  that  since  no  gas  molecule  im- 
pinging upon  a  very  much  larger  liquid  molecule  can  sensibly 
change  the  velocity  of  the  latter,  and  since  in  the  long  run  the 
sum  of  the  velocities  imparted  to  such  a  liquid  molecule  by  such 
collisions  is  equal  to  zero ;  there  can  no  such  distribution  of  ve- 
locities take  place.  The  gas  molecules  in  the  mixture  will  there- 
fore retain  their  high  velocity  and  will  evaporate  more  rapidly  than 
the  liquid  molecules.  In  the  same  way,  if  the  molecules  of  a  salt 
in  solution  arc  vastly  larger  than  the  liquid  molecules  the  liquid 
molecules  will  maintain  their  higher  velocities  and  the  liquid  com- 
ponent of  the  solution  will  evaporate  most  rapidly. 

This  fact,  that  in  salt  and  gas  solutions  the  different  compo- 
nents evaporate  separately  and  independently  and  at  very  differ- 
<^nt  rates,  implies  their  existence  in  the  solution  in  independently 
"loving  molecules.  The  hypothesis  of  a  conii)lex  molecule  offers 
no  such  simple  explanation  of  the  phenomena  connected  with 
solution;  therefore  is  not  tenable.  From  the  other  hypothesis 
the  classification  of  the  process  of  solution  together  with  the  other 
Processes  by  which  matter  changes  state,  under  the  head  of  fluid 
"^osion,  follows  almost  as  a  matter  of  course. 
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Notes  on  Water  Analysis.    By  A.  A.  Breneman,  of  Ithaca, 
N.  Y. 

1.  Significance  of  the  chlorine  test, — Notwithstanding  all  that 
lias  been  said  upon  the  subject,  it  seems  to  me  worthy  of  remark, 
that  the  determination  of  chlorine  in  well  waters  is  of  the  greatest 
importance,  under  certain  precautions,  and  in  many  cases  should 
alone  condemn  the  water.  My  own  experience  in  more  than  two 
hundred  determinations  of  chlorine,  in  the  waters  of  the  gravel 
district  of  Central  New  York,  determinations  made  together  with 
the  ordinary'  analysis  by  Wanklyn's  method,  sustains  this  view. 

2.  Change  of  Organic  Matter  by  Aeration  and  Light. — A  sam- 
ple of  peaty  water,  deep  brownish  in  color,  and  yielding  0.44  per 
million  of  albuminoid  ammonia,  gave  after  flowing  one  and  a  half 
miles,  with  slight  fall,  .25,  and  at  the  end  of  three  miles  .11,  the 
color  passing  from  deep  brown  to  almost  nothing,  at  the  same 
time. 

The  aeration  of  suspended  matter  in  streams  should  in  general 
lead  to  a  more  liberal  interpretation  of  its  influence,  than  in  the 
case  of  the  same  kind  of  matter  in  well  waters,  which  are  deprived 
of  aeration.  Too  little  importance  is  attached  to  influence  of  ani- 
mal life  and  strong  light  as  purifying  agents,  in  running  streams. 

3.  On  the  Volume  of  Water  to  be  used  in  Water  Analysis. — The 
use  of  100  cc.  for  each  distillation  by  Wanklyn's  method  is 
preferable,  because  of  the  greater  convenience  and  quickness  of 
the  operation,  and  also  because  of  increased  delicacy  in  Nessleriz- 
ing.  Increased  delicacy  results  from  the  use  of  smaller  tubes, 
which  give  a  length  of  column  greater  in  proportion  to  volume  of 
distillate  used  in  Nesslerizing. 

4.  An  Improved  Nessler  pipette-stirrer. — The  pipette  used  for 
the  Nesslcr  test,  as  here  shown,  is  distinguished  from  the  ordinary 
bulb-stirrer  b}'  the  very  short  tip  below  the  cord  or  bead,  which 
latter  fits  closely  to  the  tube  in  which  the  test  is  made.  The  wide 
opening  prevents  spirting  of  liquid  from  the  tube  as  the  stirrer 
is  raised  and  lowered  rapidly.  The  short  tip  permits  agitation  of 
the  lowest  portion  of  liquid  in  the  tube. 

6.  On  the  use  of  Common  Yellow  Glass  as  a  Color  Standard  in 
Nesslerizing. — The  advantage  of  colored  glass  is  its  permanence 
and  convenience   of  application.     The  glass  in  ordinary  use  is 
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suited  only  to  the  determination  of  high  colors.  Thin  glass,  of 
the  same  cora[)osition,  might  be  made  to  satisfy  all  necessities  of 
the  case.  The  standard  slip  of  glass  is  marked  with  a  diamond, 
and  the  simultaneous  use  of  a  bundle  of  slips,  of  different  values, 
permits  the  accumulation  of  any  desired  degree  of  intensity  in 
color. 


On  Colors  for  Salt-glazed  Pottery.    By  A.  A.  Brenemak,  of 

Ithaca,  N.  Y. 

In  continuation  of  some  experiments,  reported  at  the  last  meet- 
ing of  this  Association,  I  have  succeeded  in  obtaining  in  the 
ordinary  stone- ware  kiln,  all  of  the  colors  shown  upon  the  experi- 
mental tile  here  shown  with  many  other  tints  and  shades,  not 
heretofore  produced,  to  my  knowledge,  on  this  kind  of  ware.  I 
have  little  doubt  that  a  complete  palette  of  colors  may  be  ob- 
tained for  the  decorator  in  this  field.  The  number  of  experiments 
made  is  so  great,  and  the  results  are  so  various,  that  I  shall  not 
attempt  a  description  of  them  at  this  time,  confining  myself  for 
the  present  to  a  statement  of  a  theory  of  the  action  of  the  salt- 
glaze  in  its  relation  to  mineral  colors.  This  I  believe,  to  depend 
upon  a  circulation  by  convection  currents  in  the  thin  layer  ot 
sodium  silicate  resting  upon  the  ware,  after  salt  has  been  thrown 
into  the  kiln.  As  chlorine  can  have  little  affinity  for  the  silicious 
matter  of  the  glaze,  while  it  is  capable  of  volatilizing  many  of 
the  metals  which,  in  one  form  or  another,  are  used  as  pigments, 
it  would  seem  that  the  destruction  of  color,  well  known  in  the 
case  of  ordinary  pigments,  may  be  prevented  by  giving  such  con- 
sistcnc}'  to  the  color-holding  medium,  that  convection  currents 
shall  be  impossible,  at  the  temperature  of  the  kiln  ;  while  at  the 
same  time  this  medium  shall  have  mobility  sufficient  to  permit  of 
that  migration  of  molecules,  necessary  to  a  uniform  distribution 
of  the  color.    Upon  this  theory  my  results  have  been  obtained. 
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Ox  THi:  Deficiencies  of  Meteorological  Work  in  data  of 
VALiE  to  Agriculture,  and  Means  for  supplying  them. 
l\y  Wm.  McMuRTRiE,  of  Washington,  D.  C. 

What  I  mean  by  deficiencies  of  meteorological  work  in  this 
connection  is  tlic  want  of  data  in  the  published  records,  concerning 
many  of  those  conditions  recognized  by  agriculturists  and  vege- 
table physiologists,  to  liave  an  important  influence  upon  the  normal 
development  of  animal  and  vegetable  life ;  and  that  the  obser>'a- 
tions  of  the  present  time  are  not  such  as  will  supply  all  tho  data 
required  in  the  study  of  meteorology,  in  its  relations  to  agriculture, 
and  especially  to  the  condition  of  the  crops.  The  want  of  such 
data,  I  felt  most  keenly  in  my  work  of  last  3'ear,  a  portion  of  the 
results  of  which  I  had  the  honor  to  present  to  the  association,  at 
the  Saratoga  meeting.  In  that  work,  the  object  was  to  determine 
the  limits  to  the  conditions  to  which  the  crop  in  question  might 
be  subject,  and  reach  such  development  as  would  give  a  profltablo 
return  to  producer  and  consumer ;  and  while  the  results  obtained 
were  interesting  to  me  at  least,  it  was  difficult  to  make  them  so 
thoroughly  marked  as  would  have  been  possible,  if  more  complete 
data,  such  as  I  will  mention  later  on,  had  been  obtainable. 

Tho  records  published  give  detailed  data  concerning  barometric 
pressures,  temperatures  observed  in  the  shade,  rainfall,  relative 
humiditv,  direction  and  force  of  the  wind  and  conditions  of  the 
sky,  expressed  in  percentages  of  cloudiness,  and  these  are  valu- 
able in  their  wa}-,  and  for  the  end  to  which  the  observations  wero 
taken  :  but  they  by  no  means  cover  all  that  must  be  recognized  in 
Bcientific  an(]  practical  agricuUure.  Radiated  as  well  as  diffused 
heat,  diurnal  and  monthly  distribution  of  rainfall,  evaporation  of 
moisture,  prevalence  of  dews,  fogs  and  frosts,  and  tension  of 
atmospheric  electricity  are  also  important  and  necessary.  Light, 
that  most  patent  factor  in  vegetable  development,  has  been  almost 
wholly  neglected,  except  in  the  record  of  tho  condition  of  the  sky, 
as  expressed  in  percentage  of  cloudiness,  which,  in  this  conneo 
tion.  is  as  much  a  matter  of  accident  as  design. 

Practical  agriculturists  have  almost  completely  ignored  the 
science  of  meteorology  in  the  prosecution  of  their  labors,  repeat- 
edly making  attempts  at  the  introduction  of  new  crops  into 
sections  wholly  unsuited  to  them  on  account  of  climate ;  and  on 
the  other  hand,  in  the  work  of  meteorologists,  although  agriculture 
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has  been  thought  of  ftiui  mentioned,  the  facts  they  have  recorded 
have  been  collected  more  for  the  benefit  of  commerce  than  agricul- 
ture, and  in  the  latter  connection,  they  are,  as  we  have  said,  sadly 
deficient. 

Count  dc  Gasparin  seems  to  have  been  the  first  to  call  attention 
to  the  relations  we  have  mentioned,  and  ho  has  had  at  least  two 
active  followers,  Quctelet  in  Belgium,  and  Marie-Davy  in  France. 
The  sentiments  of  the  latter  in  this  particular  are  ably  embodied 
in  the  prelude  to  an  article  in  the  Journal  d' Agriculture  Pratique 
of  last  3'ear,  in  which  he  says,  "  Agriculture  and  its  pro<lucts  havo 
thus  far  received  comparatively  little  profit  from  the  labors  of 
meteorologists,  because  the  latter  have  been  more  preoccupied 
with  questions  of  climatology  in  general,  than  with  agricultural 
climatology,  and  the  data  they  discuss,  look  to  the  first  and  not  to 
the  Gccond."  This  difficulty  belongs  to  all  countries  alike — Davy 
himself  is  making  an  excellent  start  in  the  right  direction,  at  the 
Observatory  of  Montsouris,  and  he  has  already  secured  results 
of  great  scientific  and  practical  value  ;  but  in  order  that  his  plan 
of  work  may  be  attended  with  the  most  fruitAil  results,  he  should 
have  more  extended  cooperation,  and  the  observations  he  makes 
and  records  should  be  made  at  a  large  number  of  stations,  to 
render  accurate  generalization  possible.  —  He  obsen*es  and  records- 
all  the  conditions  we  have  named.  In  this  country,  wo  have  noth- 
ing comparable  with  it. 

Our  Signal  Bureau,  probably  the  most  perfect  of  its  kind,  for 
the  purposes  for  which  it  was  designed,  renders  excellent  service  to 
agriculture  and  commerce,  anil  we  would  not  question  its  cflicien- 
cy ;  but  its  work,  as  it  claims,  tends  to  the  commercial  rather 
than  to  the  physiological  side — to  predictions  of  future  conditions 
which  may  affect  human  affairs,  rather  than  to  the  record  and  dis- 
cussion of  the  effects  of  conditions  which  have  existed,  upon  the 
development  of  crops.  Nor  is  its  organization  sufficiently  exten- 
sive to  effect  tlio  end  we  have  in  view,  the  whole  number  of  ob- 
servers engaged  under  its  direction,  not  being  more  than  800 ; 
while  for  practical  deductions,  for  agricultural  work,  8000  for  the 
United  States  would  not  be  excessive.  But  I  believe  the  machin- 
ery and  organization  of  the  Department  of  Agriculture  could  be 
employed  with  good  effect  in  this  connection,  and  the  desired  obser- 
vations for  this  country  secured,  through  the  2300  observers  and 
reporters  it  already  employs  to  make  monthly  returns  concerning 
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the  coiulition  of  the  crops,  and  wlio  receive,  as  compensation  for 
their  services,  the  publicalions  of  the  Department.  If  tlie  iieces- 
sar}'  instruments  were  supplied  them,  it  would  doubtless  be  found 
tliat  very  few  would  decline  to  perform  the  tasks  requested  at  their 
bands — making  the  observations  and  reporting  weekly  or  monthly 
records  to  the  Department,  where  their  results  could  be  tabulated 
and  discussed  in  connection  with  their  simultaneous  returns  of  the 
condition  of  the  crops. 

I  have,  therefore,  taken  the  liberty  to  suggest  to  Gen.  LeDuc, 
the  Commissioner  of  Agriculture,  the  following  plan  of  work  in 
Agricultural  Meteorology  for  bis  Department,  and  I  am  pleased 
to  say  that  ho  fully  recognizes  its  necessity,  and  is  in  full  S3'm- 
path}'  with  it,  though  he  would,  of  course,  require  congressional 
support  to  enable  him  to  carry  it  out. 

The  plan  is  this  :  — 

1.  The  establishment  of  a  system  of  observation  and  recoixl 
among  the  reporters  to  the  Department,  and  others  whose  co6i>- 
eration  may  be  secured  throughout  the  United  States  and  Territo- 
ries, with  instruction  to  observers  to  keep  careful  records  of  the 
conditions  of  atmospheric  pressure,  tempeiature  in  its  various 
relations,  relative  humidit}-,  evaporation  of  moisture,  winds,  light, 
tension  of  atmospheric  electricity-,  occurrence  of  dews,  fogs,  and 
frosts,  and  report  them  at  stated  intervals  of  time  to  the  Depart- 
ment for  consideration  and  permanent  record. 

2.  The  collection  of  meteorological  records  from  every  part  of 
the  world,  from  which  to  construct  detailed  tables,  showing  the 
relations  of  all  the  conditions  named  above,  and  that  may  influence 
the  growth  or  health  of  vegetation. 

3.  The  construction  of  maps  showing  the  geographical  distribu- 
tion of  various  crops  to  be  used  in  connection  with  the  meteor- 
ological or  climatic  data  to  be  collected. 

To  secure  the  data  from  abroad  for  this  work,  correspondence 
should  be  established  with  ministries  of  agriculture  of  foreign 
governments,  learned  societies,  institutions  of  learning  and  re- 
search, and  students  in  meteorolog}'  and  allied  sciences,  requesting 
information  concerning  the  published  and  manuscript  records  of 
each  country  and  sources  from  which  copies  of  them  can  be 
obtained.  The}'  should  then  be  secured  to  facilitate  the  end  in 
view.  Information  should  also  be  requested  concerning  the 
caltuies  to  which  each  country  is  devoted,  those  which  succeed 
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well  and  are  profitable,  and  those  which  have  been  experimented 
upon  with  unprofitable  financial  results. 

In  tlie  tables  and  maps  that  could  be  constructed  from  the  infor- 
mation tlnis  gaine<l,  there  would  be  found  an  almost  perfect  guide 
as  to  experiments  that  tuny  be  made  in  new  cultures  with  prospect 
of  success.  Such  work  would  in  no  way  interfere  with  that  of  the 
Signal  Bureau,  the  value  of  which  cannot  be  overrateil  —  and  on 
account  of  the  very  nature  of  the  work,  it  should  be  carried  on  by 
the  Department  of  Agriculture.  It  would  become  an  additional 
source  of  knowledge  concerning  that  science  in  which  all  classes 
of  the  people  are  equally  interested,  and  if  the  knowledge  thus 
gained  be  applied  to  the  management  of  farm  crops,  it  will  be 
difUcuIt  to  estimate  the  saving  that  must  result  in  the  expenditure 
of  time  and  means,  and  of  enterprising  and  intelligent  labor  of 
agriculturists  often  employed  in  unfruitful  experiments  that  could 
be  directed  to  other  channels  of  industry,  or  other  and  profitable 
cultures. 


The  Action  of  Sunxiqiit  on  Glass.    By  Thomas  Gaffield,  of 
Boston,  Mass. 

When  God  made  the  light,  lie  created  one  of  the  most  ethereal 
and  yet  most  powerful  of  the  elements  and  forces  of  nature. 

It  will  be  my  pleasure  to  show  how  the  sun,  its  great  fountain 
and  source,  while  it  paints  so  beautifully  and  wonderfull}'  the  birds, 
the  insects  and  the  fiowers,  can  in  some  measure  also  delicately 
tint  the  wares  upon  our  tables,  the  glass  in  our  houses,  and  the 
windows  of  the  storied  cathedrals  of  the  world. 

My  subject  is  the  action  of  sunlight  in  changing  the  color  of 
glass,  and  I  shall  give  a  brief  account  of  my  humble  experiments, 
coRinienced  in  1863,  and  continued  to  the  present  day. 

There  is  no  mention  of  the  subject  in  ancient  records,  for  there 
was  little  need  or  use  of  glass  windows  in  the  olden  time,  and 
probably  little  or  no  glass  of  composition  or  color  liable  to  any 
very  percei)til)le  cliauijc  of  tint.  Not  until  after  the  beginning 
of  the  present  century  was  the  phenomenon  observed  in  Europe,  in 
the  change  of  some  light  colored  plate  glass  to  a  purple  and  of 
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another  kind  to  a  3'ellowisli  hue.  In  1823,  and  the  following  year, 
Faraday,  Bontemps  and  Fresnel  made  a  few  brief  experiments 
showing  that  exposure  to  sunlight  effected  this  change  of  color. 

Other  experiments  were  made  by  Melloni  and  Hunt,  showing  the 
action  of  glasses  of  different  colors  as  media  in  the  transmission 
of  light  and  heat,  but  none  to  my  knowledge  are  recorded  up  to 
1863,  with  the  above  exceptions,  showing  the  effect  produced  on 
the  glass  itself.  The  observations  upon  the  subject  by  Pclonze 
(who  for  many  years  was  the  chemist  of  the  French  Plate  Glass 
works  at  St.  Gobain)  are  published  in  the  Comptes  Rendus  for 
January  14,  1867. 

Without  making  any  pretension  to  the  learning  of  the  schools, 
or  accurate  scientiGc  knowledge,  I  believe  that  my  experiments, 
suggested  by  my  experience  as  a  glass-dealer  and  manufacturer, 
are  original  in  their  method  and  extent,  as  they  cover  the  whole 
field  of  glass-making,  including  both  colored  and  colorless  glass. 
Those  in  connection  with  colored  glass  are  entirely  new. 

By  colorless  glass  is  intended  glass  like  that  which  we  see  in 
our  windows,  which  shows  little  or  no  color  in  looking  through  its 
surface  ;  but,  observed  through  the  edges,  exhibits  a  gixjat  variety  of 
tints,  running  from  the  almost  colorless  white  to  those  of  j-ellow, 
blue  and  green.  The  really  colored  glasses  —  made  so  intentionally 
by  the  addition  of  some  metallic  oxide,  or  other  coloring  constitu- 
ent— can  only  be  observed  through  the  surface,  as  their  opacity,  ex- 
cept in  the  lightest  colored  specimens,  will  not  allow  an  observation 
through  the  edges  for  more  than  a  fraction  of  an  inch.  My  ex- 
periments have  been  carried  on  chiefly  upon  the  roof  and  upper 
window-sills  of  my  house  in  Boston,  in  a  position  exposed  to  the 
full  force  of  the  sun*s  rays  during  the  greater  portion  of  every  da}', 
being  protected  by  covers  only  in  the  event  of  snowstorms.  Of 
course,  a  perfect  arrangement  could  only  be  made  when  a  flat  roof 
or  platform  in  an  open  field  could  be  provided,  and  the  sunlight 
could  act  with  full  force  during  every  hour  and  minute  of  the  day. 

But  mine  was  8ufl3ciently  near  this  point  to  show  very  interest- 
ing results.  The  change  in  color  in  some  specimens  is  developed 
slowly,  while  in  others  it  commences  after  a  few  hours  of  exposure 
in  a  summer  day.  In  some  sensitive  kinds,  I  have  witnessed  a  per- 
ceptible change  in  a  single  hour  of  sunlight  exposure  upon  the 
top  of  a  post  in  a  country  garden,  at  noontime,  on  a  clear  and  hot 
day  of  August. 
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The  glass  plates  exposed  vary  from  four  by  two  inches  (ray 
usual  size)  to  four  by  eighteen,  and  from  one-sixteenth  of  an  inch 
to  an  inch  in  thickness.  I  have  in  my  cabinet  more  than  a  thousand 
specimens  showing  the  effect  of  exposure  from  a  single  hour  to 
thirteen  years. 

I  have  thus  ex|x>sed  and  tested  some  eighty  kinds  of  colorless 
glass  of  American,  Englisli,  French,  German,  and  Belgian  manufac- 
ture ;  embracing  rough  and  polished  plate  ;  crown  and  sheet  win- 
dow glass  ;  flint  and  crown  optical  glass ;  glass  ware  and  glass  in 
the  rough  metal.  I  have  also  ex|K>&ed  ground  and  opal  glass,  and 
some  seventy  kinds  of  colored  sheet  and  rolled  cathedral  glass, 
including  not  only  the  main  spectral  colors, — red,  orange,  3'ellow, 
green,  blue  and  violet, — but  a  variety  of  intermediate  tints,  such 
as  brown,  olive,  ameth^'st.  flesh  color,  etc. 

I  cannot  in  these  brief  moments  give  you  all  the  privately  re- 
corded details  of  the  interesting  results  of  these  experiments  ;  but 
referring  you  to  Silliman's  Journal  for  1867,  for  an  account  of  the 
same  up  to  that  date,  I  shall  rather  hasten  to  allow  my  illustra- 
tions to  tell  their  own  story,  which  they  will  do  without  any  color 
of  exaggeration. 

Various  are  the  tints  of  the  original  colorless  specimens,  and 
equally  various  are  those  which  are  produced  by  sunlight  exposure. 

The  nomenclature  of  different  observers  might  also  var3^  I  can* 
not  recapitulate  the  long  list  from  my  journal,  but  would  name  as 
a  general  classiflcation  of  the  results  produced,  the  following 
changes  of  color : 

1 .  From  white  to  yellowish. 

2.  From  greenish  to  3'ellow ish-green. 

3.  From  brownish-yellow  and  greenish  tints  to  various  tints  of 
purple. 

4.  From  greenish- white  to  bluish. 

5.  From  bluish  and  other  tints  to  darker  tints  of  the  same 
colors. 

Every  specimen  of  colorless  glass  exposed  for  ten  3'ears  has 
changed  in  color  or  tint,  except  some  white  flint  glass,  such  as  is 
used  for  flue  glass-ware  and  optical  glass.  The  optical  glasses 
exposed — with  the  exception  of  two  specimens  of  crown  glass, 
containing  no  oxide  of  lead,  which  became  of  a  yellowish  hue — 
changed  onl3'  in  a  ver)'  slight  degree  in  tint,  even  after  more  than 
ten  3'ears  of  exposure,  and  not  enough  to  be  witnessed  by  ordinary 
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obsen^ers,  or*  seriously  to  interfere  with  their  practical  A^alue  and 
use. 

In  some  instances,  where  lenses  seem  to  be  affected,  the  change 
may  be  traced  to  a  discoloration  of  the  Canada  balsam,  by  which 
the  crown  and  flint  glasses  of  the  lens  are  cemented  together. 
Bontemps  thinks  that  this  almost  unique  character  of  fine  flint 
glass  shows  that  the  presence  of  oxide  of  lead,  which  enters 
largely  into  its  composition,  exercises  a  protecting  influence 
against  the  coloring  action  of  the  sun's  rays.  I  have  proved  by 
actual  experiment  that  un-annealed  as  well  as  annealed  glass  can 
be  changed  in  color  by  sunlight  exposure. 

Diffused  light  will  also  color  glass,  but  with  a  greatly  diminished 
effect,  corresponding  to  its  diminished  power,  as  compared  with 
the  direct  rays  of  the  sun.  Different  degrees  of  coloration  are 
sometimes  noticed  in  the  panes  of  the  same  window,  and  some- 
times in  the  same  pane,  corresponding  to  their  different  degrees  of 
sensitiveness  to  sunlight  coloration,  or  differences  of  exposure  to 
the  direct  rays  of  the  sun. 

That  there  comes  a  time  when  this  coloring  action  of  sunlight 
ceases,  I  have  demonstrated  by  finding  no  further  change  by  a 
second  long  exposure  of  glass  removed  from  a  building  in  which 
it  was  exposed  for  thirtN'-four  3'ears.  The  period  of  its  duration 
varies  with  different  glasses,  the  3eilow  coloration  being  chiefly 
developed  in  a  year,  increasing  slowly  afterwards,  and  almost  en- 
tirel}'  ceasing  in  some  instances  in  ten  j^ears,  while  the  purple 
tinted  specimens  develop  less  rapidly,  and  go  on  increasing  in 
depth  of  color  beyond  this  period.  The  continuance  of  my  experi- 
ments for  another  decade  or  score  of  years,  if  my  life  should  be 
preserved,  will  enable  me  to  speak  more  definitely  upon  this  point. 

It  is  a  curious  fact  that  while  these  various  glasses,  with  a  few 
exceptions  among  the  colored  specimens,  can  be  submitted  before 
sunlight  exposure  to  great  heat  in  a  glass-stainer's  kiln  without 
suffering  any  change,  they  can,  after  sunlight  exposure,  be  restored 
to  their  original  color  by  being  placed  in  the  kiln  during  a  single 
fire.  A  second  exposure  to  sunlight  will  reproduce  the  same 
yellow,  purple  and  other  colors  as  before,  and  this  process  of 
coloration  b^'  light  and  decoloration  by  heat  can  be  carried  on 
indefinitely.  I  am  indebted  for  this  observation  to  Pelouze,  who 
names  it  in  his  essay  in  1867,  and  I  have  confirmed  its  accuracy 
b}'  many  experiments  since  that  date.     Professor  Percy  also  made 
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the  same  observation  to  the  editor  of  the  London  Photographic 
News  at  about  the  same  date,  having  ascertained  tlie  interesting 
fact  in  the  laboratory  which  he  occupied  at  the  Museum  of  Practi- 
cal Geology  in  London. 

The  most  tangible  illustration  of  change  in  colorless  glass,  as 
observed  in  similar  windows  in  London,  by  Faraday  in  1823,  can 
be  witnessed  in  the  purple-tinted  panes  of  some  of  the  houses  in 
Beacon  street,  in  Boston,  which  were  built  fifty  or  sixty  years  ago. 
Some  of  the  present  owners  and  occupants  formerly  supposed  that 
they  were  imported  of  the  same  color  which  we  now  observe,  as  an 
intentional  decoration  of  their  pleasant  homes,  and  they  were  quite 
skeptical  when  I  first  published  the  statement  that  they  were 
painted  by  the  magic  pencil  of  the  sun.  They  have  generally  been 
convinced  by  the  testimony  of  experiments  which  speak  for  them- 
selves. 

In  speaking  of  experiments  with  colored  glass,  I  should  say 
that  some  kinds — called  pot-metal,  because  colored  in  the  pot — 
are  colored  throughout  the  body  of  the  glass,  while  in  the  flashed, 
stained  and  enamelled  specimens,  the  colors  are  upon  the  surface 
only. 

In  experiments  continued  for  ten  years  with  the  main  spectral 
colors,  no  change  was  found  in  any  pot-metal  specimens,  except  a 
slight  darkening  of  the  violet. 

A  change  was  observed  in  the  colorless  body  of  some  of  the 
flashed  and  stained  pieces,  a  yellowish  or  purplish  color  being  pro- 
duced when  the  colorless  side  was  uppermost,  and  also  when  the 
colored  surface  first  met  the  sun's  rays,  and  transmitted  them  in 
difliering  degrees  to  the  colorless  body  below.  The  sunlight 
coloration  of  these  flashed  specimens  is  not  suflScient  to  be  noticed 
in  an  observation  through  the  surface  onl}'. 

In  1870,  I  commenced  experiments  with  pot-metals,  not  of  the 
primary  colors,  but  of  the  intermediate  ones  which  most  nearly 
approach  those  produced  in  colorless  glass  by  sunlight  exposure. 

In  many  specimens  of  the  brownish,  amber,  purple  and  flesh  colors 
thus  exposed,  I  was  surprised  to  observe  the  change  in  color  or 
tint  in  a  short  time,  a  few  days  in  summer  sometimes  suflScing  to 
show  the  commencement  of  the  sun's  action.  I  have  continued 
these  experiments  with  colored  glasses  to  the  present  day,  and 
find  the  general  results  as  follows : 

The  main  colors,  except  violet,  which  is  rendered  a  little  darker 
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by  exposure,  are  not  at  all  affected,  but  the  following  changes  are 
notable : 

1.  From  brownish  tints  to  a  flesh  color. 

2.  From  flesh  color  to  tints  of  purple  or  violet. 

3.  From  amber,  olive,  and  purple  to  darker  tints  of  the  same 
colors. 

The  result  of  these  experiraenls  led  me  to  believe  that  they 
might  furnish  a  key  to  solve  interesting  questions  concerning 
the  alleged  superiority  of  the  old  cathedral  windows,  and  I  made 
a  trip  to  Europe  iu  1872,  to  visit  these  interesting  edifices,  and,  if 
possible,  obtain  some  of  the  old  glass.  By  removing  the  protect- 
ing putty  from  the  edges  of  purple-tinted  panes  in  Beacon  street, 
one  can  observe  the  original  color  of  the  glass.  I  hoped  to  do  the 
same  with  fragments  from  the  old  cathedrals.  But  the  protecting 
edges  of  the  lead  divisions  were  so  narrow,  being  generally  not 
over  one-eighth  or  one-sixteenth  of  an  inch,  that  they  afforded  no 
chance  for  a  similar  observation.  Obtaining  specimens  from 
Strasburg  and  elsewhere,  I  applied  also  the  interesting  heat  test 
by  dividing  some  of  them  in  two  pieces,  and  exposing  one  to  the 
heat  of  a  glass-stainer's  kiln.  But  while  some  ordinary  and  ex- 
pected effects  were  produced,  such  as  the  deepening  of  some  red 
and  yellow  tints  by  a  second  firing,  no  change  was  produced  in  the 
pot-metal  colors  by  heat  which  indicated  any  previous  change  by 
sunlight,  except  in  the  few  small  purple  and  flesh  colored  specimens. 
The  colorless  body  of  the  flashed  and  enamelled  glasses,  with  one 
exception  of  a  slight  lightening  of  the  tint,  was  unchanged,  being 
generally  of  so  dark  a  color  originally,  that  it  seems  no  change 
could  be  effected  by  light  or  heat.  So  far  as  these  purple  and  flesh 
colors,  and  other  easily  changing  tints  of  pot-metal  colors,  were 
used  in  the  old  windows,  and  as  the  same  cause  must  always  pro- 
duce the  same  effect,  we  can  certainly  say  that  they  must  have 
been  changed  in  color  or  tint  by  their  centuries  of  exposure,  and 
that  we  cannot  see  to-day  the  glass  as  it  was  when  it  came  from 
the  artists'  studios  and  the  glass  factories  of  the  mediaeval  ages. 
And  so  far  we  may  transfer  some  of  our  praise  from  the  old  artists 
in  glass  to  the  silent  but  wonderful  pencil  of  the  sun.  But  we 
must  not  make  too  much  of  this  point,  as  an  examination  of  many 
cathedrals  iu  England,  and  on  the  continent,  convinced  me  that 
the  proportion  of  these  peculiarly  sensitive  tints  of  flesh  and  light 
purple  colors  in  most  of  their  windows  was  small,  being  confined 
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chiefly  to  the  faces  and  lirabs  of  the  Madonnas  and  saints,  and 
many  of  these  being  produced  in  enamelled  or  flashed  glass  rather 
than  pot-metal. 

We  may,  perhaps,  properly  digress  for  a  moment  to  say  that 
the  true  cause  of  the  superiority  of  these  old  cathedral  windows, 
speaking  paradoxically-  and  3'et  truly,  is  found  in  the  inferiority 
of  the  glass,  its  richness  in  the  poverty  of  its  constituents,  its 
vcr}'  perfection  in  its  uneven  thickness  and  the  imperfections  of 
its  surface  and  its  body,  all  covered  as  they  are  by  the  accumu- 
lating dust  of  ages  and  honeycombed  by  the  corroding  tooth  of  time. 
Like  the  facets  of  a  diamond  or  rub}*,  each  little  wave  and  thread 
and  blister  becomes,  by  interference,  refraction  and  reflection  of  the 
light  which  plays  upon  it,  a  new  source  of  the  gemlike  brilliance, 
harmon}',  and  beaut}'  which  distinguish  the  painted  glass  of  former 
centuries. 

The  glassmakers  of  Berkshire  and  England  aim  to  reproduce 
in  some  measure  the  perfection  of  this  old  glass,  by  reproducing 
its  imperfections  in  the  antique  and  rolled  cathedral  glass  which 
are  so  extensively  used  by  the  artists  and  architects  of  to-day. 

And  now,  what  the  wonderful  alchemy  of  the  sunlight  is,  and 
what  the  methods  of  its  operations,  are  questions  on  which  vari- 
ous opinions  have  been  given  by  glassmakers  and  scientific  men, 
but  which  only  a  careful  consideration  and  comparison  of  the 
observations  and  theories  of  many  practical  and  scientific  obser- 
vers can  accurately  decide.  Some  have  attributed  one  or  another 
of  these  colorations  to  the  presence  of  oxide  of  iron,  some  to 
arsenic,  and  some  to  carbon  or  sulphates  in  the  constituent  mate- 
rials of  the  glass. 

The  greater  number  think  oxide  of  manganese,  singular  as  it 
may  seem,  used  as  a  decolorizer,  to  bo  the  great  colorist  in  all  of 
these  changes.  In  many  colored  and  colorless  glasses,  and  espe- 
cially in  those  which  assume  after  exposure  any  tint  of  purple  or 
flesh  color,  it  undoubtedly  plays  a  very  important  part.  But  in 
some  experiments  with  glass  said  to  contain  no  manganese,  de- 
cided changes  of  color  from  greenish  to  3'ellow  have  been  pro- 
duced. Perhaps  the  question  cannot  be  accurately  solved,  until 
some  glass  manufacturer  or  lover  of  science  and  scientific  truth 
shall  make,  with  great  care  and  for  this  special  purpose,  a  series  of 
colored  and  colorless  glasses,  which  shaU-  be  exposed  for  months 
and  years  to  the  influence  of  sunlight.    Knowing  the  exact  con- 
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fitituents  of  each  specimen,  a  good  foundation  would  be  laid  for  a 
thorough  scientific  investigation  of  the  subject.  This  has  never 
yet  been  done,  and  in  the  absence  of  such  knowledge,  we  can 
only  theorize  upon  the  results  which  we  witness. 

While  I  may  not  theorize,  I  may  help  others  to  do  so  b}'  stating 
the  interesting  part  which  some  metallic  oxides  play  in  coloring, 
and  the  oxide  of  manganese  in  decolorizing  glass.  In  almost  all 
kinds  of  window  glass  and  glass-ware,  materials  are  necessarily 
used  which  are  not  perfectly  and  chemically  pure. 

The  sand,  the  carbonate  or  sulphate  of  soda,  the  lime  and  other 
constituents,  one  or  all,  contain  slight  impurities,  and  almost 
always  oxide  of  iron. 

The  protoxide  of  this  metal  gives  glass  a  bluish  or  bluish-green 
tint,  the  peroxide  a  yellowish,  and  a  mixture  of  the  two,  in  which 
condition  it  is  generally  found  in  glass,  produces  the  almost  uni- 
versal greenish  tints  which  we  witness  in  the  glass  of  commerce. 
To  correct  in  some  measure  the  coloration  by  iron,  a  small  pro- 
portion of  oxide  of  manganese,  called  ^^  glassmakers'  soap"  is  put 
into  the  ^'  batch,"  or  glass  mixture.  The  natural  tint  produced  by 
manganese  in  a  high  state  of  oxidation  is  purple  or  violet,  and  we 
cannot  produce  these  colors  without  its  use.  In  proportion  as  it  is 
deprived  of  oxj-gen,  it  loses  its  coloring  power,  and  when  it  reaches 
the  state  of  protoxide,  it  becomes  nearly  colorless. 

Now  in  the  reaction  which  takes  place  in  the  melting-pot,  the 
manganese  gives  up  a  portion  of  its  oxj'gen  and  its  coloring  power 
to  the  iron,  which  is  converted  into  peroxide,  which  gives  a  yel- 
lowish color  to  the  glass. 

This  yellow  color  is  complementary  to  whatever  of  purple  color- 
ing power  is  left  in  the  manganese,  and  is  therefore  neutralized, 
and  the  glass  comes  out  of  a  liglit  color.  When  the  sunlight 
strikes  this  glass,  the  nice  balance  between  the  oxygen  of  the  iron 
and  the  manganese  is  disturbed,  and  there  ensues,  even  in  so  solid 
a  body  as  glass,  an  interesting  contest  for  the  possession  of  the 
coveted  oxygen,  and  the  conquering  element  is  known  and  an- 
nounces its  victory  by  a  display  of  its  special  colors.  Every  change 
of  color  or  tint  involves  the  wonderful  condition,  invisible  to  human 
eyes,  of  a  molecular  or  inter-molecular  movement  of  the  atoms  of 
this  solid  body,  and  it  is  probably  attended  b}'  two  circumstances : 
an  interchange  or  redistribution  of  the  oxygen  among  the  constit- 
uents of  the  glass,  and  the  development,  in  consequence  of  this 
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redistribution,  of  the  special  coloring  power  of  the  metallic  oxide 
ivhieli  has  the  greatest  affinity  for  oxj'gen,  or  stands  in  the  great- 
est proportion  to  the  other  constituents. 

And  so  in  some  specimens  the  yellow  of  the  iron  predominates, 
in  some  the  purple  of  the  manganese,  and  in  others,  the  yellow 
at  first  appears,  and  afterwards  a  yellowish  purple  and  purple  fulh' 
developed. 

While  these  suggestions  may  help  to  explain  the  sunlight  color- 
ation of  the  so-called  colorless  glasses,  they  may  apply  also  to 
colored  glass,  inasmuch  as  all  of  the  sensitive  specimens  contain  a 
certain  proportion  of  iron,  or  manganese,  or  both. 

If  this  coloring  power  of  the  sunbeams  has  not  been  generally 
known,  it  is  because  it  cannot  readily  be  seen  by  ordinary  ob- 
servers, except  in  such  as  the  purple-tinted  windows  of  Beacon 
street,  and  even  then  it  may  sometimes  require  the  background 
of  a  liglit  colored  curtain. 

The  discovery  of  the  defect  is  an  annoyance  to  both  consumers 
and  glassmakers.  When  our  Beacon  street  friends  could  no  longer 
obtain  similar  glass  to  replace  broken  panes,  the  insertion  of 
colorless  ones  gave  their  windows  the  interesting  checker-board 
appearance  which  we  witness  to-day.  When  the  glassmakers 
found  the  defect  a  matter  of  scientific  observation  and  experiment, 
and  their  results  published  at  home  and  abroad,  they  remedied  the 
diflSculty  in  a  measure  by  using  purer  materials,  or  reducing  the 
proportion  of  manganese  in  their  "  batch,"  or  giving  up  its  use 
entirely,  preferring  to  have  the  glass  assume  its  natural  and  more 
permanent  color,  even  if  it  be  a  little  greenish  or  bluish,  rather 
than  by  "doctoring"  tlie  mixture, —  to  adopt  the  glass-makers' 
terra  for  the  use  of  manganese, —  to  have  it  light  colored  to-day  and 
easily  affected  by  the  sunlight  of  to-morrow. 

This  improvement  is  of  especial  importance  to  photographers, 
who,  in  all  operations  requiring  short  exposures  and  all  the  light 
possible  to  obtain,  would  avoid  the  use  of  any  glass  in  their  sky- 
lights which,  after  a  few  months  or  years  of  exposure,  will  be 
robbed  of  a  great  proportion  of  its  power  to  transmit  the  chemical 
influence  of  sunlight  by  a  change  to  a  yellow  or  purple  tint,  which 
in  time  might  cut  off  almost  as  much  actinic  effect  as  if  it  had 
been  ground  or  enamelled  on  one  of  its  surfaces. 

I  have  made  some  photographic  experiments  to  show  this  dete- 
riorating effect,  by  exposing  sensitive  paper  under  glasses  of  the 


342         ACTION   OF  SUNLIGHT   ON   GLASS  ;    BT  THOS.  OAFFIELD. 

original  colors,  and  those  of  the  same  kind,  changed  by  sunlight 
exposure,  and  witnessing  the  perceptibly  different  shades  of  dark- 
ening produced.  This  action  of  sunlight  must  not  be  confounded 
with  that  called  "  ruot,"  or  "  stain,"  which  is  occasioned  in  some 
glasses  having  an  excess  of  alkali  in  their  composition,  by  ex- 
posure to  the  atmosphere,  and  manifests  itself  in  two  ways ;  first, 
by  a  disintegration  and  roughening  of  the  surface,  sometimes 
producing  all  the  effects  of  ground  glass ;  and  secondly,  by  an 
efflorescence  and  apparent  formation  of  an  infinitesimal  coating 
of  oxide  upon  the  surface,  on  which  the  play  of  the  sun's  rays 
produces  all  the  colors  of  the  rainbow,  as  with  the  action  of  light 
on  the  infinitesimal  grooves  of  mother-of-pearl.  This  is  simply 
surface  action,  whereas  the  action  of  sunlight  permeates  the  whole 
body  of  the  glass  wherever  the  rays  directly  strike  it. 

I  might  refer  to  many  other  points  in  connection  with  my  subject, 
but  my  time  will  not  permit  and  I  hasten  to  exhibit  the  results  of 
my  experiments,  asking  my  hearers,  who  are  so  much  better  versed 
in  scientific  studies  than  myself,  to  give  me  their  light  in  ascer- 
taining the  causes  and  exact  operations  of  this  interesting  power 
of  the  sun's  rays  to  paint  the  products  of  art,  as  they  do  so  beau- 
tifully and  wonderfully  the  works  of  nature  on  the  mountain,  in 
the  forest  and  field. 

The  large  number  of  specimens  of  colored  and  colorless  glasses 
here  exhibited  show  the  coloring  effect  of  exposure  to  sunlight. 

A  tangible  illustration  of  this  subject  is  found  in  the  purple- 
tinted  windows  of  some  of  the  Beacon- street  houses,  of  which 
the  specimens  exhibited  show  the  original  color  and  the  changes 
produced  by  sunlight  exposures  varying  from  one  day  to  fifty 
years.  These  examples  also  show  how  this  action  can  be  turned 
to  interesting  account  in  impressing  upon  colored  and  colorless 
glasses  the  forms  of  leaves  and  ferns,  and  in  printing  inscriptions 
and  mottoes.  It  is  a  species  of  photographic  woik  with  sensitive 
glass,  instead  of  sensitive  paper,  the  sun  showing  itself  a  most 
excellent  printer  and  developer,  and,  indeed,  the  only  true  pho- 
tograj)hcr  in  colors. 
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The  discovery  of  Oxide  of  Antimony,  in  extensive  lodes,  in 
SoNORA,  Mexico.    By  E.  T.  Cox,  of  Oakland,  Cal. 

Up  to  the  present  time,  the  antimony  of  commerce  has  been 
mostly  obtained  by  the  reduction  of  the  sulphiiret;  and  though 
this  ore  is  widely  distributed  over  the  globe,  it  is,  as  a  rule,  associ- 
ated with  a  variety  of  mineral  substances  that  obstruct  reduction 
and  add  to  the  cost  of  purifying  the  metal.  These  sulphurets  are 
also  found  in  such  sparse  quantities,  that  the  metal  usually  com- 
mands from  three  to  four  times  the  price  of  lead  and  fully  as  much 
as  that  of  tin  or  copper.  At  present,  the  principal  supply  of 
sulphuret  of  antimony,  for  the  English  smelters,  is  obtained  from 
Algeria,  Spain  and  Ceylon.  Small  quantities  of  oxidized  anti- 
mony ores  have  been  found  in  portions  of  Europe,  and  in  Ceylon, 
but  at  no  time  in  such  quantities  as  to  elicit  special  attention  from 
the  smelters.  When,  therefore,  about  a  j^ear  ago,  I  called  the 
attention  of  English  metallurgists  and  smelters  to  the  occurrence 
of  vast  lodes  of  almost  pure  oxide  of  antimony,  in  the  district  of 
Alta  Sonora,  Mexico,  thirty  miles  from  the  Gulf  of  California, 
it  seemed  too  marvellous  for  their  belief.  A  company  of  gentle- 
men of  Boston,  Mass.,  now  have  control  of  these  antimony  mines, 
and  the  ore  will  soon  be  in  the  hands  of  the  smelters. 

The  geological  features  of  the  country,  where  this  ore  abounds, 
is  similar  to  that  of  southern  Arizona.  The  mountains  are  in 
short,  narrow  ranges,  having,  for  the  most  part,  a  northerly  and 
southerly  trend.  Their  crests  are  either  rugged  or  well-rounded 
cones,  according  to  the  nature  of  the  rocks  forming  their  mass. 
Between  these  ranges,  we  have  what  is  called  mesa  or  table-land ; 
the  latter  is  formed  of  the  debris  of  the  mountains.  This  material 
is  of  so  loose  and  porous  a  nature,  that  the  small  amount  of  rain 
which  falls  sinks  through  it  and  leaves  the  land  dry  and  arid.  As 
far  as  I  have  been  able  to  make  out  the  order  of  the  rocks  form- 
ing these  mountain  chains,  we  have  first  granite,  and  this  is 
flanked  by  sub-carboniferous  limestone,  in  most  places  so  crystal- 
line as  to  obliterate  all-  traces  of  fossils.  Protruding  through 
these  and  fdrming  the  mountain  peaks,  we  have  porphyry,  quartz- 
ites,  basalts,  dioritcs  and  trachites. 

The  country  in  the  immediate  vicinity  of  the  antimony  mines 
Is  quartzite  and  limestone.  The  ore  lodes  are  from  four  to  twenty 
feet  wide,  and  exploration  work,  carried  to  a  depth  of  thirty  feet, 
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shows  that  the  fissures  are  filled,  from  wall  to  wall,  with  the  oxide 
of  antimony,  almost  pure  and  remarkably  uniform  in  chilracter. 
The  course  of  the  lodes  is  nearly  north  and  south ;  the  pitch  is 
90°  to  the  east.  The  area  of  country,  over  which  the  ore  is  found, 
may  be  roughly  stated  to  be  five  or  six  miles  long  and  half  a  mile 
or  more  wide. 

The  Boston  company  controls  nine  mines,  each  of  which  is  a 
full  Mexican  claim,  800  metres  (2624'  8")  long  and  200  metres 
(656'  2")  wide.  On  three  of  the  mines,  the  crop,  which  is  solid 
oxide  of  antimony,  like  the  samples  exhibited  upon  the  table, 
stands  up  boldly  above  the  general  surface  and  may  be  traced 
along  the  claims  for  many  hundred  feet.  As  stated  above,  the 
ore,  so  far  as  explorations  have  exposed  it,  is  almost  pure  oxide 
of  antimony,  the  little  impurity  it  contains  being  silica.  The  fire 
assay  shows  it  to  contain  from  60  to  70  per  cent,  of  pure  metal, 
and  I  have  estimated  the  entire  lode  to  average  50  per  cent.  By 
selection  the  average  may  be  augmented. 

On  going  down  to  a  greater  depth  on  the  lode,  it  is  possible 
that  the  oxide  may  give  place  to  sulphides,  but  thus  far  there  is 
not  the  slightest  evidence  of  any  change.  This  discovery  is  des- 
tined to  produce  a  marked  infiuence  upon  the  production  of 
metallic  antimony  and  greatly  to  extend  its  uses. 

JVb^e.— Prof.  S.  P.  Sharpies,  of  Boston,  said  that  he  had  ezamlucd  many 
specimens  of  the  oxide  of  antimony  received  from  Prof.  Cox.  These 
varied  In  color  from  almost  white  to  a  very  dark  brown.  The  specific 
gravity  of  one  of  the  purest  specimens  is  5.07  and  It  contained  5  per  cent, 
of  water  and  75  per  cent,  of  antimony.  This  composition  and  specific 
gravity  approach  very  closely  that  oT  stibiconite. 

The  mineral  Is  only  very  slightly  soluble  in  hydrochloric  or  nitric  acids 
or  aqua  regia.  Fusion  with  bi-sulphate  of  soda  only  partially  resolves  it. 
It  is,  however,  readily  and  easily  decomposed  by  fusion  In  a  platinum 
crucible  with  carbonate  of  soda. 

This  oxide  of  antimony  has,  hitherto,  been  found  only  as  slight  coatings 
in  other  antimony  minerals  and  it  has  been  very  difficult  to  get  specimens 
of  it,  even  a  few  grains  in  weight. 

The  mineral  is  not  easily  reduced  before  the  blow-pipe,  but  is  very 
easily  reduced  in  a  crucible  with  powdered  charcoal  or  cyanide  of  potas* 
sium ;  giving,  at  a  single  operation,  buttons  of  star  antimony. 
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BeMARKS  ON  TABLES  FOR  TUE  REDUCTION  TO  ZERO  OF  THE  MEAS- 
URED VOLUMES  OF  GASES.  By  Edward  W.  Morlet,  of  Hud- 
son, Ohio. 

fABSTBACT.] 

The  tables  of  Bunsen,  Sutton,  and  others,  are  too  bulky,  from 
not  adopting  the  form  in  which  all  logarithmic  tables  are  now 
printed. 

Many  are  also  clumsy,  giving  seven  decimal  places  of  the  log- 
arithm. Four  places  give  as  much  accuracy  as  the  manipulation 
in  any  but  the  most  refined  work ;  five  places  more  than  equal 
the  accuracy  of  the  best  work  in  gas  analysis. 

All  tables  for  the  purpose  give  a  logarithm  to  be  subtracted 
from  the  sum  of  the  logarithms  of  the  volume  and  tension  ob- 
8er\'ed.  The  computer  therefore  has  mentally  to  take  the  arith- 
metical complement  of  the  tabular  number,  in  order  then  to  add 
the  three  logarithms  in  one  operation.  But  such  tables,  being  in- 
tended for  this  one  purpose  only,  ought  to  give  this  complement 
by  inspection. 

All  tables  at  present  published  use  the  coefficient  of  the  abso- 
lute expansion  of  air.  For  refined  work,  a  second  and  oven  a 
third  correction  is  then  necessary,  with  a  second  and  third  tab- 
ular number.  But  by  using  the  coefficient  of  the  apparent  ex- 
pansion of  air,  under  the  conditions  of  measurement  in  analysis, 
the  whole  correction  can  be  computed  in  a  single  operation, 
and  with  but  a  single  tabular  number.  The  same  table  may  be 
used  for  ordinary  work,  for  its  use  involves  no  more  labor  than 
that  of  any  other  table. 

For  the  most  refined  work,  there  have  to  be  taken  into  account 
the  cubical  expansion  of  the  eudiometer,  the  linear  expansion  of 
the  scale  ou  which  pressure  is  measured,  and  the  inequality  of  the 
degrees  of  the  mercury-in-glass  thermometer.  We  should  there- 
fore use,  for  the  computation  of  tables  for  the  purpose  mentioned, 
the  coefficient  of  expansion  of  air  added  to  that  of  mercury  and 
diminished  by  the  sum  of  the  cubical  expansion  of  the  eudiometer 
and  of  the  linear  expansion  of  the  scale.  This  gives  the  coefficient 
for  a  degree  of  the  ideal  air  thermometer,  and  must  now  be  multi- 
plied by  the  factor  which  will  reduce  the  degrees  of  the  air  ther- 
mometer to  those  of  the  mercury  thermometer. 
.    Since  the  nature  of  the  glass  of  which  a  given  mercury  ther- 
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mometer  is  made  affects  this  factor,  it  is  best  to  detQirninc  the 
joint  eflfect  of  this  factor  and  of  the  correction  for  errors  in  cali- 
bration of  the  given  thermometer  by  a  simple  process  which 
gives  very  satisfactory  results.  A  convenient  volume  of  air  is 
measured  at  a  temperature  near  freezing  point.  The  same  vol- 
ume is  also  measured  at  about  ten,  twenty,  and  thirty  degi*ees. 
The  corresponding  temperatures  are  carefully  observed,  but  the 
apparent  volumes  are  computed  without  reduction  to  zero.  The 
table  for  temperature  corrections  is  now  computed  with  that 
coefficient  which  will  reduce  the  apparent  volumes  at  the  three 
higher  temperatures  to  the  volume  at  the  lower  temperature.  This 
coefficient  will  be  different  in  the  different  intervals,  partly  owing 
to  errors  of  calibration,  and  partly  to  the  inequalities  of  a  perfect 
mercurial  thermometer.  With  such  a  table  computed  for  a  given 
thermometer,  reductions  may  be  made,  even  when  another  ther- 
mometer is  used,  with  more  accuracy  than  when  the  reductions 
are  made  from  a  table  which  does  not  regard  the  difference  between 
the  degrees  of  the  mercury  and  of  the  air  thermometer,  and  with 
far  more  accuracy  than  when  the  reductions  are  made  from  a  table 
which  regards  only  the  absolute  expansion  of  air. 


The  most  convenient  scale  for  a  thermometer  used  in  gas 
ANALYSIS.     By  Edward  W.  Morley,  of  Hudson,  Ohio. 

[ABSTRACT.] 

It  is  impossible  to  dispense  with  a  thermometer  in  gas  analysis, 
if  accuracy  and  rapidity  of  work  are  both  required.  No  method 
of  keeping  the  temperature  constant,  nor  of  mechanically  compen- 
sating for  its  variations,  answers  this  double  requirement.  My 
analyses  of  air  are  made  with  a  probable  error  of  but  the  four- 
hundredth  part  of  one  per  centum.  In  them  the  total  reduction 
of  the  whole  analysis,  that  is  the  computing  the  percentage  of 
oxygen  from  tlie  readings  of  scale  and  thermometer,  takes  less 
than  two  minutes  and  a  half.     No  system  other  than  that  which 
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determines  the  temperature,  and  coiTects  for  its  variations,  can 
equal  this  in  rapidity. 

If  the  thermometer  is  to  be  used  in  gas  analysis,  it  is  worth 
while  to  provide  it  with  that  form  of  scale  which  is  most  economic 
cal  of  time.  Usually  it  is  necessary  to  read  the  centigrade  degree 
on  its  scale,  and  then  consult  a  table  for  a  logarithmic  factor  cor- 
responding ;  the  thermometer  ought  to  be  so  graduated  as  to  show 
this  logarithm  directly,  dispensing  with  the  table. 

A  seeming  difficulty  lies  in  the  fact  that  the  degrees  are  of 
varying  length,  and  hence  not  so  easy  to  produce  on  a  graduating 
engine.  But  since  all  that  is  required  is  that  the  graduations 
shall  show  logarithms  accurate  in  the  fifth  decimal  place,  the  diffi- 
culty can  easily  be  surmounted.  We  may  compute  the  places  on 
the  centigrade  scale  at  which  every  third  logarithmic  degree  would 
end,  and  then  divide  these  intervals  of  three  logarithmic  degrees 
into  thirty  tenths  at  one  setting  of  the  engine.  No  error  would 
appear  in  the  fifth  decimal  place  in  this  way.  As  the  logarithmic  . 
degrees  mentioned  are  two-thirds  as  long  as  centigrade  degrees, 
the  number  of  settings  of  the  engine,  to  reach  say  thirty-five 
degrees,  would  not  be  too  troublesome. 

The  most  convenient  method  of  numbering  these  logarithmic 
degrees  may  be  described.  The  freezing  point  should  be  consid- 
ered as  corresponding  to  the  logarithm  of  unity ;  at  about  six- 
tenths  of  a  centigrade  degree  above  this  point,  will  be  a  logarithm 
differing  from  the  former  by  one-thousandth ;  the  space  between 
this  and  the  former  is  to  be  divided  into  ten  equal  parts  which 
represent  units  of  the  fourth  place  of  decimals,  and  read  by  esti- 
mation to  units  of  the  fifth  place  of  decimals.  This  logarithm 
differing  by  one-thousandth  from  the  logarithm  of  unity  should  be 
numbered  99,  representing  the  logarithm  0.99900.  At  about  1.2 
centigrade  will  stand  logarithmic  degree  98,  representing  logarithm 
0.99800.  The  scale  is  continued  upwards  in  this  way,  the  num- 
bers decreasing  upwards.  The  number  taken  from  this  scale, 
followed  by  the  tenths  and  hundredths,  and  preceded  by  the  figure 
nine,  supplied  mentally,  is  the  logarithm  to  be  added  to  tho 
logarithms  of  tension  and  observed  volume  to  reduce  apparent 
volumes  at  other  temperatures  to  the  freezing  point. 
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Remarks  on  Jolly's  apparatus  for  determining  the  amount  op 
OXYGEN  IN  AIR.    By  Edward  W.  Morley,  of  Hudson,  Ohio. 

[abstract.] 

This  apparatus  resembles  Jolly's  air-thermometer.  The  air  to 
be  analyzed  is  contained  in  the  bulb  of  the  appai'atus,  and  is  meas- 
ured by  determining  its  tension  at  the  freezing  point.  Its  oxygen 
is  absorbed  by  a  spiral  of  copper  wire  heated  by  an  electric  current, 
and  the  residual  nitrogen  is  measured  at  the  freezing  point.  The 
process  is  simple,  and  the  apparatus  is  simple  and  economical ; 
but  it  can  claim,  no  greater  accuracy  than  has  been  obtained  by  a 
great  many  experimenters  by  means  of  the  more  rapid  process 
with  eudiometric  apparatus. 

Let  us  compare  its  accuracy  with  the  accuracy  of  the  Bunsen 
long  eudiometer,  and  that  of  the  Frankland  and  Ward  apparatus. 
We  compute  the  probable  error  of  Jolly's  apparatus  on  the  hy- 
pothesis that  the  probable  error  at  the  so-called  Joll3'-point  is  the 
hundredth  of  a  millimetre,  and  that  at  the  other  three  measure- 
ments is  the  tenth  of  a  millimetre.  This  probable  error  of  the 
result  may  be  compared  with  the  probable  error  computed  for  the 
two  other  apparatus  on  the  hypothesis  that  the  probable  error  in 
each  reading  is  the  same  quantity  as  that  in  the  corresponding 
kind  of  readings  in  the  Jolly  apparatus,  namely,  the  tenthvof  a 
millimetre. 

The  error  at  the  Jolly-point  is  partly  one  of  volume  observed, 
and  pai'tly  of  tension  observed.  The  two  have  always  the  same 
sign,  and  form  but  one  independent  error.  The  error  at  the  top 
of  the  manometric  column,  and  the  errors  at  each  end  of  the 
barometric  column  form  the  other  three  independent  errors  to 
which  the  measurement  is  liable.  Their  total  effect  makes  the 
probable  error  of  the  measurement  0.023  per  centum. 

The  volume  of  air  taken  for  anal^'sis  enters  the  result  as  a 
denominator  and  as  a  minuend  in  the  numerator.  These  two 
effects  have  contrary  signs,  and  the  residual  effect  is  four-fifths 
of  the  probable  error  of  the  measurement.  The  probable  error 
of  the  other  measurement  of  residual  nitrogen  enters  the  result 
with  its  full  value.  Their  joint  effect  makes  the  probable  error 
of  the  result  0.029  per  centum. 

Now  in  the  eudiometric  process,  the  error  in  the  measurement 
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of  air  enters  the  result  only  as  a  divisor,  with  one-fifth  its  value. 
The  measurements  before  and  after  explosion  affect  the  numerator 
with  one-third  their  value.  All  the  errors  of  measurement  are 
diminished  threefold  and  fivefold  in  their  efifect  on  the  result. 
The  errors  probable  in  the  result  with  the  Bunsen  long  eudiometer 
and  with  the  Frankland  and  Ward  apparatus  are  0.027  and  0.019 
per  centum,  for  a  probable  error  of  a  tenth  of  a  millimetre  in 
each  scale  reading.  Therefore,  while  the  Jolly  apparatus  can 
make  more  accurate  single  measurements  than  the  other  methods, 
it  is  not  capable  of  obtaining  so  accurate  final  results. 

If  the  apparatus  be  modified,  as  the  air  thermometer  has  been 
modified,  by  closing  the  end  of  the  manometer  tube,  and  dis* 
pensing  with  the  barometer,  the  apparatus  will  give  as  good 
results  as  the  Frankland  and  Ward  apparatus.  The  probable 
error  of  a  measurement  becomes  0.014  per  centum,  and  the  prob- 
able error  of  the  result  0.019  per  centum,  both  on  the  hypothesis 
of  a  probable  error  of  a  tenth  of  a  millimetre  in  each  scale  reading 
and  of  a  hundredth  at  the  Jolly-point. 

The  following  table  shows  the  probable  comparative  errors  of 
the  four  apparatus  mentioned. 

Probable  errors  of  Measurements  ai^d  of  Final  Results  for 
Probable  Error  of  one-tenth  mm.  :  and  of  one-hundredth 
MM.  for  Jolly- point. 


Bnnsen 

loug 

Eudiometer. 

1^3 

1*1 

Jolly 
apparatni. 

Jolly 
npparatni 
modified. 

Probable  error  1st  measurement. 
Probable  error  2nd  measurement. 
Probable  error  3rd  measurement. 
Probable  en-or  of  result. 

.045  per  ct. 
.059   "    " 
.048    "    " 
.027    "    " 

.034  per  ct. 
.042    «*    " 
.033    "    " 
.019    "    " 

.023  per  ct. 
.023    "    ** 

.029    "    " 

.014  per  ct. 
.014   «•    *• 

.019    "    " 
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Some  points  in  the  construction  of  an  apparatus  for  the  ac- 
curate   ANALYSIS    OF    GASES.       By   EdWARD  W.   MoRLEY,   of 

Hudson,  Ohio. 

[abstract.] 

A.  When  a  certain  inetliod  of  determining  the  top  of  the  pres- 
fiure  cohimn  is  used,  the  conditions  of  most  accurate  measurement 
of  varying  volumes  of  gas  are  satisfied  by  making  the  column  of 
mercury,  which  measures  the  pressure,  equal  in  length  to  the  part 
of  the  eudiometer  which  is  filled  with  the  gas.  In  the  usual  form 
of  the  apparatus,  the  pressure  columu  has  to  be  longer,  which 
immensely  increases  the  difficulty  of  securing  uniformity  of  tem- 
perature. 

B.  To  define  the  top  of  the  pressure  column,  I  use  a  Jolly-point 
enclosed  in  the  barometric  vacuum  ;  this  makes  the  probable  error 
at  the  top  of  this  column  evanescent.  The  whole  error  of  the 
tension  is  therefore  produced  by  the  same  uncertainty  which  pro- 
duces the  error  in  the  observed  volume.  If  now  the  Jolh'-point 
is  put  at  about  the  level  of  the  top  of  the  eudiometer  tube,  the 
probable  error  of  the  tension  is  the  same  part  of  the  tension  as 
the  probable  error  of  the  observed  volume  is  of  the  observed 
volume.     This  is  the  condition  of  the  maximum  accurac}'. 

C.  To  preserve  the  barometric  vacuum  over  the  pressure  col- 
umn, I  shut  off  this  column  from  communication  with  the  rest  of 
the  apparatus  except  at  the  instant  of  a  measurement.  The  screw 
of  the  fine  adjustment  formerly  described  serves  also  this  purpose. 
The  vacuum  is  found  to  be  even  more  permanent  than  that  of  a 
barometer. 

D.  An  auxiliary  pressure  tube  is  employed  for  preliminary 
adjustment.  The  bore  of  this  tube  is  but  a  millimetre,  which 
secures  two  important  advantages. 

E.  The  eudiometer  tube  is  graduated  with  fine  lines  not  over 
the  eight-thousandth  of  an  inch  wide,  in  half  millimetres.  The 
graduation  is  affected  with  no  relative  errors  of  the  hundredth  of  a 
millimetre.  A  reading  microscope  is  carried  on  a  cylinder  so 
solidly  connected  with  the  iron  tripod  of  the  apparatus  that  ten 
pounds  produce  a  relative  flexure  of  only  a  tenth  of  a  millimetre. 
This  microscope  is  brought  nearly  to  the  level  of  the  mercury  in 
the  eudiometer  when  the  column  in  the  pressure  tube  reaches  just 
to  the  Jolly-point.    The  microscope  is  made  to  give  distinct  vision 
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of  the  graduation,  and  by  Grunow's  cathetometer  fine  adjustment, 
the  terminal  lines  of  the  eye-piece  micrometer  are  made  to  coin« 
cide  with  two  millimetres  of  the  graduation.  The  focussing  move* 
mcnt  now  moves  the  microscope  so  that  distinct  vision  is  had  of 
the  meniscus,  and  the  level  of  the  mercury  is  read  to  the  hundredth 
of  a  millimetre  on  the  eye-piece  micrometer,  whose  divisions  now 
represent  the  divisions  of  the  tube  carried  forward  into  its  interior. 
A  four  inch  objective,  with  an  amplification  of  about  sixty  diame* 
ters,  is  thus  utilized. 

F.  The  probable  error  of  this  reading  of  the  level  of  the  menis- 
cus cannot  be  separated  from  other  probable  errors  incident  to  the 
observation,  but  the  sum  total  of  all  the  errors  whatever  is  equiv* 
alent  to  no  more  than  a  probable  error  of  one-hundredth  of  a 
millimetre  in  this  determination :  and  in  the  calibration  of  the 
apparatus,  made  before  much  practice  in  the  use  of  this  reading 
arrangement,  the  probable  error  of  a  reading  was  the  hundredth 
of  a  millimetre. 

6.  The  probable  error  of  a  single  determination  of  oxygen  in 
air  is  less  than  the  four  hundredtii  of  one  per  centum. 

H.  The  method  of  measurement  is  adapted  to  rapid  compata* 
tiou.  The  whole  reduction  of  three  measurements  in  an  analysis, 
so  as  to  get  the  per  centum  of  oxygen,  takes  less  than  two  and  a 
half  minutes. 


Numerical  results  for  the  mean  ratio  of  oxygen  to  toe  sum 
OF  oxygen  and  nitrogen  in  atmospheric  air.  By  Edward 
W.  MoKLEY,  of  Hudson,  Ohio. 

[ABSTBACT.] 

Since  the  proportion  of  oxygen  to  nitrogen  in  the  air  varies 
almost  as  incessantly  as  its  temperature  or  pressure,  the  mean 
value  can  be  accurately  ascertained  only  by  regular  and  continuous 
observation.  The  true  value  cannot  be  safely  inferred  from  obser- 
vations at  irregular  intervals. 

A  series  of  daily  analyses  in  duplicate,  continued  for  six  months, 
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undertaken  for  a  very  different  purpose,  may  therefore  be  of  some 
interest  as  contributing  to  the  knowledge  of  this  constant. 

The  result  is  affected  with  errors  depending  on  the  following 
causes,  the  probable  magnitude  of  which  is  well  known. 

1.  The  most  serious  uncertainty  depends  on  the  uncertainty  in 
the  calibration  of  the  eudiometer.  The  probable  error  of  a  single 
determination  at  any  given  point  on  the  scale  is  three  milligrammes 
of  water.  At  each  point  four  determinations  were  made,  so  that 
it  is  as  likely  as  not  that  the  volume  at  any  given  point  is  known 
within  a  milligramme  and  a  half  of  water.  The  probable  error  of 
the  mean  result,  as  far  as  this  eiTor  depends  on  errors  of  calibra* 
tion,  is  0.0014  per  centum. 

2.  The  second  source  of  uncertainty  depends  on  the  fact  that 
the  composition  of  the  air  is  variable.  Owing  to  this  variation, 
the  result  of  the  number  of  samples  analyzed  is  as  likely  as  not 
to  differ  from  the  result  from  an  unlimited  number  of  samples  by 
0.0009  per  centum. 

3.  The  third  source  of  uncertainty  depends  on  the  accidental 
errors  of  analysis.  Owing  to  these  errors,  the  mean  result  ob- 
tained from  two  analyses  of  each  sample  is  as  likely  as  not  to 
differ  from  what  would  have  been  obtained  by  an  unlimited  num- 
ber  of  duplicate  analyses  of  each  sample  by  0.0002  per  centum. 

This  result  is  also  affected  with  one  source  of  constant  error 
which  has  not  yet  been  taken  into  account.  This  error  is  due  to 
the  fact  that  the  eudiometer  tube,  after  the  explosion,  contains  a 
larger  volume  of  water  than  at  the  previous  measurement.  I  do 
not  see  clearly  how  to  determine  the  magnitude  of  this  error. 

It  is  at  present  hoped  that  other  sources  of  error  produce  only 
results  which  may  safely  be  neglected  in  comparison  with  these. 

The  mean  composition  of  the  air,  and  the  magnitude  of  the 
errors  attending  the  determination,  may  then  be  stated  as  follows : 
Katio  of  oxygen  to  sura  of  oxygen  and  nitrogen,  20.949  per  ct. 
Probable  error  from  imperfect  calibration,  0.0014 

Probable  error  from  variation  in  ratio,  0.0009 

Probable  error  from  accidental  errors,  0.0002 

Total  probable  error,  0.0016    "    " 
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Some  conclusions  as  to  the  cause  op  the  frequent  fluctua- 
tions IN  the  ratio  of  oxygen  to  nitrogen  in  the  air  at 
different  times.     By  E.  W.  Morlet,  of  Hudson,  Ohio. 

[abstract.] 

To  study  the  subject  above  indicated,  I  have  made  duplicate 
analyses  of  air  collected  at  Hudson,  Ohio,  on  evei'y  da}'  from 
January  Ist  to  June  30th.  The  results  have  been  graphically  com- 
pared with  the  daily  observations  on  temperature  and  pressure  of 
the  atmosphere  made  by  the  Signal  Service  at  Cleveland,  Ohio,  from 
which  Hudson  is  not  far  distant.  Many  of  the  variations  in  the 
amount  of  oxygen  observed  are  closely  connected  with  variations  in 
the  temperature  and  pressure.  For  the  prediction  or  explanation  of 
these,  local  observations  of  temperature  and  pressure  might  be 
sufficient. 

I  have  also  been  favored,  through  the  courtesy  of  General  Myer, 
with  the  thrice-daily  maps  of  the  state  of  the  weather  for  the 
period  mentioned.  From  a  comparison  between  these  maps  and 
the  results  of  my  analyses,  which  I  have  only  this  week  begun,  I 
derive  some  interesting  conclusions,  serving  to  confirm  the  notion 
that  most  of  the  variations  in  the  amount  of  oxygen  are  caused 
by  the  vertical  descent  of  air  from  above.  I  find  this  notion 
strikingly  confirmed  in  some  cases  where  it  was  some  time  since 
evident  to  me  that  Loomia'  suggestion  that  the  cold  was  caused 
by  the  descent  could  not  be  accepted  as  holding  good.  I  find 
evidence  that  some  depressions  of  temperature  are  caused  by  such 
descent,  and  at  such  times  the  amount  of  oxygen  falls  promptly 
at  the  beginning  of  the  cold.  But  with  the  times  of  depression 
of  temperature  remarkable  for  their  suddenness  and  severity,  a 
vertical  descent  of  cold  air  seems  to  be  the  effect  and  not  the 
cause.  The  descent  follows  the  cold  by  a  day  or  two  or  more,  and 
at  the  time  when  the  Signal  Service  maps  lead  me  to  suppose  the 
descent  has  begun,  and  not  till  then,  the  fall  in  oxygen  occurs. 

The  variations  found  this  year  have  not  been  as  great  as  those 
published  by  me  last  year,  nor  as  great  as  those  found  by  Jolly. 
I  have  therefore  carefully  re-examined  those  made  before  this  year, 
and  am  confirmed  in  my  confidence  that  they  are  affected  with  no 
unsuspected  error. 


A.  A.  A.  S.,  VOL.  XXIX.  23 


854  NITBOGBN  FOR  PLANTS;    BT  W.   O.    ATWATBR. 

The  soil  supply  of  nitrogen  fob  plants.    By  W.  O.  Atwater, 
of  Middletown,  Conn. 

[ABSTRACT.] 

The  nitrogen  of  the  soil,  which  is  the  chief  source  of  supply  of 
that  material  to  plants,  is  subject  to  more  or  less  loss  by  the  leach- 
ing away  of  nitrates  to  the  lower  strata  of  the  soil  and  thence  to 
rivers  and  the  sea. 

The  best  data  at  present  at  hand  indicate  that,  in  certain  por- 
tions of  the  United  States,  e.  gr.,  in  New  England,  a  much  smaller 
portion  of  the  total  water  which  comes  to  the  soil  thus  escapes  by 
percolation  than  is  the  case  in  England  and  northern  Europe. 
A  larger  proportion  of  the  summer  rainfall  is  evaporated  from  the 
New  England  soil,  and  probably,  in  our  longer  and  colder  winter, 
the  freezing  of  the  ground  would  do  more  to  prevent  downward 
escape  of  water  here  than  there. 

Accordingly,  other  things  being  equal,  we  might  assume  a  prob- 
ability of  less  loss  of  nitrogen  by  the  leaching  away  of  nitrates 
from  our  soils  than  from  those  of  northern  Europe. 

If  such  be  the  case,  our  soils,  in  the  regions  that  have  been 
exhausted  by  cultivation,  might  be  expected,  ceteris  paribus,  to  be 
the  richer  in  nitrogen. 

In  northern  Europe,  according  to  general  experience,  nitrogenous 
fertilizers  are  held  to  be  equally  or  more  important  for  the  increase 
of  crops  in  ordinary  husbandry  than  phosphatic,  potassic,  or  other 
mineral  manures. 

So  far  as  the  less  definitely  measured  experience  of  our  agricul- 
ture indicates,  nitrogen  hardly  appears  to  assume  a  position  so 
important  relatively  to  other  ingredients  of  plant-food  as  is  the 
case  in  Europe. 

A  series  of  field  experiments  with  chemical  fertilizers,  executed 
by  several  agricultural  colleges  and  private  individuals,  upon  a 
plan  suggested  by  the  writer,  have  had  for  their  chief  end  the 
study  of  the  effects  of  nitrogenous  materials  upon  the  growth  of 
plants  in  various  soils  in  New  England  and  other  states. 

The  general  outcome  of  these  shows  a  decidedly  less  relative 
benefit  from  nitrogen  and  more  from  phosphoric  acid,  potash,  etc., 
than  the  teachings  of  European  experience  and  experiments  would 
lead  us  to  expect. 

This  fact,  though  in  the  nature  of  the  cause  less  definitely 
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attested  than  strict  scientific  reliability  would  require,  does  never- 
theless, so  far  as  it  goes,  corroborate  the  assumption  that  our  soils 
are  better  able  to  supply  our  crops  with  nitrogen  thati  is  the  case 
under  corresponding  circumstances  in  Europe,  and  in  lack  of 
bettor  explanation  we  may  not  be  entirely  wrong  in  attributing 
the  difference,  in  part  at  least,  to  the  climatic  conditions  which 
produce  a  smaller  percentage  of  percolation  of  water  of  atmo»' 
pheric  precipitation  here  than  in  Europe. 

Our  agriculture  suffers,  in  comparison  with  that  of  some  other 
regions,  through  dry  weather  and  more  frequent  di*ought. 

Nitrogen  is  of  immense  importance  in  agriculture  and  its  lack 
can  be  supplied  only  at  immense  cost.  If  the  hypothesis  aboTiS 
suggested  be  correct,  we  have  in  the  fact  which  it  explains  a 
partial  compensation  for  the  loss  which  our  lack  of  atmospheric 
water-supply  entails  upon  us. 


The  determination  of  phosphoric  acid  bt  the  moltbdig  ioethod. 
By  W.  O.  Atwater,  of  Middletown,  Conn. 

[ABSTRACT.] 

I.  Effect  of  presence  of  organic  matter  upon  the  precipitatipn 
of  ammonium  phospho-molybdate. 

It  has  been  stated  {e.  g.y  by  Schumann,  Frea.  ZeU.<,  14,  801) 
that  phosphoric  acid  may  be  accurately  determined  by  precipita- 
tion with  ammonium  molybdate,  in  presence  of  organic  matter. 
But  analyses  are  adduced  showing  that  the  determination  may  be 
materially  affected  by  organic  matter,  even  after  treatment  with 
strong  nitric  acid.  The  organic  matters  were  found,  in  a  number 
of  cases,  to  partially  prevent  the  precipitation  of  the  phosphoric 
acid. 

II.  Precipitation  of  small  quantities  of  phosphoric  acid  in  the 
presence  of  alkaline  salts. 

It  has  been  shown  that  the  precipitation  of  phosphoric  acid  as 
phospho-molybdate  is  hindered  by  certain  compounds,  as  hydro- 
chloric acid,  sundry  sulphates,  etc.,  and  aided  by  nitric  acid, 
ammonium  nitrate,  and  the  ordinary  solution  of  ammonium  mo- 
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lybdate  in  nitric  acid,     (See  Fresenius^  Fres.  Zeitschrift,  3,  446 ; 
Richter^  Dinglei^s  Polyt.  Journal^  199,  183,  etc.) 

Sundry  experiments  were  made  to  test  the  inflaence  of  sodium 
nitrate  upon  the  determination  of  minute  quantities  of  phosphoric 
acid  by  the  molybdic  process.  It  was  found  that,  up  to  a  certain 
proportion,  the  presence  of  sodium  nitrate  did  not  hinder  the 
precipitation  of  even  minute  quantities  of  phosphoric  acid.  This 
fact  has  a  direct  bearing  upon  the  determination  of  phosphorus  in 
organic  substances,  since  it  shows  that,  when  the  latter  are  fused 
with  sodium  carbonate  and  nitrate,  and  the  products  of  fusion 
dissolved  in  nitric  acid,  the  phosphorus  can  be  accurately  esti« 
mated  by  the  molybdic  process. 


The  detebmination  op  sulphuric  acid.    By  W.  O.  Atwateb,  of 
Middletown,  Conn. 

[ABSTRACT.] 

This  paper  gives  results  of  experiments  upon  effects  of  varying 
quantities  of  sodium  chloride  upon  the  precipitation  of  sulphuric 
acid  as  barium  sulphate.  The  method  and  results  are  analoc^ous  to 
those  in  the  previous  paper.  They  bear  upon  the  determination  of 
sulphur  in  organic  compounds  in  that  they  confirm  results  obtained 
by  other  experimenters  and  indicate  that  sulphur  may  be  accu- 
rately estimated  by  burning  the  substance  in  sodium  carbonate  and 
nitrate  dissolving  in  hydrochloric  acid  and  precipitating  with 
barium  chloride. 

These  experiments  have  however  less  interest  than  the  previous 
ones — on  the  determination  of  phosphoric  acid  —  since  they  only 
confirm  generally  accepted  statements. 


The  determination  of  nitrogen  by  the  htpobbomite  pbooess. 
By  W.  O.  Atwateb,  of  Middletown,  Conn. 

[ABSTRACT.] 

A  number  of  experiments  were  given  which  indicate  that  the 
absoi-ption  of  nitrogen  by  the  hypobromite  solution  affects  the 
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determination  of  nitrogen  by  this  process  very  materially  and  may 
account,  in  part,  for  the  inaccm*ate  results  so  commonly  obtained 
in  determinations  of  area  by  Hiifher's  method. 


The  QUANTITATIVE  DETERMINATION  OF  FATS.      By  W.  0.  AtWATER, 

of  Middletown,  Conn. 

[AB8TIUCT.] 

A  number  of  experiments  were  adduced  to  show  that  in  the 
determination  of  fats  in  vegetable  substances  in  the  ordinaiy  way, 
the  drying,  which  is  sometimes  necessary  for  correct  results,  may, 
if  conducted  in  air,  lead  to  serious  error.  This  is  probably  due 
to  oxidation  of  the  fats  by  which  they  are  rendered  insoluble  in 
ether,  carbon  disulphide,  etc.,  the  re-agents  commonly  used  for 
extraction.  These  re-agents  are  found  to  extract  much  more  from 
the  same  materials  dried  in  hydrogen. 


TITLES    OF  OTHER  PAPERS  READ  IN  THE    PERMA- 
NENT SUBSECTION  OF  CHEMISTRY.^ 


The  CHEMICAL  COMPOSITION  AND  NUTRITIVE  VALUES  OF   FISH.      By 

W.  O.  Atwater,  of  Middletown,  Conn. 

Some  new  forms  of  apparatus.    By  W.  O.  Atwater,  of  Middle- 
town,  Conn. 

Constitution  of  the  tartrates  of  antimony.    By  F.  W.  Clarke 
and  Helena  Stallo,  of  Cincinnati,  Ohio. 

Direct  combination  of  hydrogen  and  nitrogen.    By  W.  Cole- 
grove,  of  Boston,  Mass. 

The  genesis  of  certain  iron  ores.    By  T.  Sterry  Hunt,  of 
Montreal,  Canada. 

*■  Many  of  these  papers  were  printed  in  abstract  or  in  fliU  In  Science,  bood  after  the 
meeting,  and  some  liaye  been  printed  in  the  Ambbicax  Chemical  Joubnal,  Baltimoro. 


858  tulxs  of  other  papers  bead  in  chemistry. 

Substitution  of  cokes  hade  from  parchment  paper  for  plati* 
HUM  cones  in  Bunsen's  process  of  filtration.  By  L.  F. 
Kennicutt,  of  Cambridge,  Mass. 

Foreign  substances  in  iron.  By  J.  L.  Kleinschmidt,  of  St. 
Louis,  Mo. 

Action  of  sunlight  in  the  production  of  chlorinated  addi- 
tion-products OF  Benzene  and  Naphthalene,  with  descrip- 
tions of  two  new  chlorine  derivatives  of  Naphthalene. 
By  Albert  N.  Leeds,  of  Hoboken,  N.  J. 

Action  of  hyponitric  anhydride  upon  organic  substances,  with 
descriptions  of  three  new  oxygenated  derivatives  op  the 
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AND  Naphthodiquinene.     By  Albert  N.  Leeds,  of  Hoboken, 
N.J. 

On  the  illuminating  gas  of  New  York  City.  By  E.  G.  Love, 
of  New  York,  N.  Y.a 

The  substituted  acrylic  acids.  By  G.  F.  Mabery  and  Mrs.  R. 
Lloyd,  of  Cambridge,  Mass. 

On  the  action  of  vegetable  acids  on  tin.  By  C.  £.  Manroe, 
of  Annapolis,  Md. 

A  modification  of  Bertuier's  process  for  the  valuation  of 
COAL.     By  C.  E.  Munroe,  of  Annapolis,  Md. 

Incrustations  formed  in  pipes  used  in  gas  wells.  By  H.  B. 
Nason,  of  Troy,  N.  Y. 

Observations  on  the  temperature  and  chemical  character  of 
the  water  of  Mystic  Lake,  Mass.,  at  different  times  and 
AT  different  depths.  By  Wm.  Ripley  Nichols,  of  Boston, 
Mass. 

The  valuation  of  indigo.  By  L.  M.  Norton,  of  Manchester, 
N.  H. 

Formation  of  sulphoterephthauc  acid  by  direct  oxidation. 
By  Ira  Rcmscn,  of  Baltimore,  Md. 

Commercial  testing  of  sugar,  illustrated  by  samples  of  sugar 
AND  instruments  USED.     By  S.  P.  Shaiples,  of  Boston,  Mass. 

On  a  solution  of  ferric-gallate  and  ferric-oxalate  as  a  re« 
agent  for  quantitative  analysis  of  ammonia.  by  n.  b. 
Webster,  of  Norfolk,  Va. 

*  Pnbliflbed  in  fall  in  Thb  Axebicak  Gas  Light  Journal,  New  York,  for  Oct  9, 1888b 
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Microscopical  Collections  in  Florida.    By  C.  C.  Mbrrhiait, 
of  Rochester,  N.  Y. 

It  has  been  my  fortune  during  the  past  two  winters  to  spend  a 
few  weeks  in  the  regions  of  central  Florida.  Lake  Harris  is  the 
most  southern  and  the  most  beautiful  of  the  cluster  of  lakes  which 
forms  the  source  of  that  exceedingly  picturesque  river,  the  Okla- 
waha.  With  high  banks  and  surrounded  by  a  belt  of  hummock 
land,  as  rich  as  any  that  Florida  affords,  this  lake  is  becoming 
settled  upon,  and  the  lands  are  fast  being  taken  up  by  enterprising 
southerners  for  orange  groves  and  pine-apple  plantations.  The 
sojourner  will  find  the  society  of  this  lake  settlement  intelligent 
and  hospitable  beyond  anything  that  would  be  suspected  in  so 
new  and  pioneer  a  country.  The  vegetation  of  this  almost  tropi- 
cal region  is  so  full  of  interest  to  the  microscopist,  and  the  causes 
conducing  thereto  so  peculiar,  that  I  have  thought  them  deserving 
of  especial  mention  and  illustration. 

The  absence,  or  at  least  the  rarity  of  frosts,  injurious  to  vegeta- 
tion in  these  lake  districts,  gives  the  longest  possible  season  for  the 
growth  and  maturity  of  such  organs  as  are  best  or  especially 
adapted  to  the  exigencies  of  Florida  plants.  There  is  a  period 
of  rest,  usually  comprising  about  the  three  winter  months,  after 
which  vegetation  takes  up  and  continues  its  growth  again  as  if 
there  had  been  no  period  of  interruption ;  so  that  practically  there 
is  a  continuous  development  of  plant  life,  whether  annual  or  per- 
ennial, from  birth  to  death. 

The  soil  of  Florida,  as  of  all  the  south  Atlantic  seaboard,  is 
sandy  and  naturally  baiTcn.  No  polar  glaciers  have  ground  up 
for  these  regions,  as  for  the  northern  states,  a  rich  and  abundant 
alluvium,  sufficient  in  itself  for  the  production  of  a  rapid  and  vig- 
orous vegetation.  The  south  has  apparently  only  the  siftings  of 
our  northern  soil,  carried  down  to  the  ocean  by  rivers,  and  then 
washed  up  by  the  sea-waves  to  form  their  interminable  sandy 
plains.  But  to  compensate  for  this  natural  infertility  of  soil  the 
atmosphere,  especially  of  southern  Florida,  abounds  in  all  the 
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elements  of  plant  growth.  The  winds  which  come  up  fi*om  the 
Gulf  on  the  one  side,  or  the  Atlantic  on  the  other,  are  charged 
with  moisture,  and  bear  also  minute  quantities  of  nitric  acid  and 
saline  compounds ;  while  the  exhalations  from  the  swamps  and 
marshes  furnish  in  abundance  the  salts  of  ammonia  and  cai'bonic 
acid.  Now  to  utilize  these  precious  products  from  the  air  it  is 
necessary  for  plants  to  have  peculiar  organs,  such  as  absorbing 
glands,  glandular  hairs,  stellate  hairs,  protecting  scales,  and  a 
variety  of  other  special  appendages.  All  these  have  been  devel- 
oped by  time  and  necessity  in  remarkable  profusion  and  perfection 
on  the  vegetation  of  southern  Florida.  Although  the  meagre  soil 
produces  no  nutritious  grasses,  and  scarcely  enough  of  an  honest 
vegetation  to  keep  an  herbivorous  animal  from  starving,  yet  there 
is  an  abundant  flora,  such  as  it  is — air  plants,  parasitic  growths, 
insectivorous  plants,  and  strange  herbs  seeking  a  livelihood  in 
any  other  way  than  the  good  old  honest  one  of  growing  from  their 
roots.  It  is  this  fact  which  makes  the  microscopical  interest  of 
botanical  researches  in  central  Florida.  One  can  scarcely  examine, 
with  a  two-thirds  objective,  the  flowers,  leaves  or  stems  of  any  plant 
growing  there,  without  discovering  some  beautiful  or  striking  modi* 
fication  of  plant  hairs,  or  scales,  or  glands,  or  other  absorbing  or 
secreting  organs. 

We  will  notice  first  the  Onosmodium  as  found  in  Florida — 0. 
Virginianum.  It  grows  from  Virginia  south,  but  is  more  glandulai*, 
I  think,  in  Florida  than  anywhere  else.  It  will  be  almost  the 
first  plant  one  will  stop  to  observe  on  entering  the  piny  woods — 
a  dark  green,  narrow-leaved,  biennial  herb  ;  its  straight  stem  of  the 
second  year's  growth,,  about  a  foot  high,  bearing  a  raceme-like 
cluster  of  fiowers,  coiled  at  the  end,  and  straightening  out  as  the 
flowers  expand.  The  leaves  of  this  plant  are  thickly  studded  on 
both  sides  with  stiff  transparent  hairs,  lying  nearly  flat  on  the 
surface,  and  all  pointing  towards  the  tip  end  of  the  leaf.  At  the 
base  of  each  hair  is  a  cluster  of  glandular  cells,  amounting  some- 
times to  fifty  or  more,  and  aiTanged  in  beautiful  geometrical  forms. 
When  pressed  and  dried  in  the  herbarium,  the  body  of  the  leaf 
turns  to  a  very  dark  green,  almost  black,  and  on  this  background, 
with  a  half-inch  objective,  the  hairs  stand  out  like  sculptured  glass, 
and  the  glands  like  mosaics  of  purest  pearls.  I  think  it  is  the 
most  attractive  opaque  object  that  can  be  shown  under  the  micro- 
scope. 
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That  these  glandular  cells,  covering,  as  they  do,  nearly  half  the 
surface  of  the  leaves,  especially  the  upper  surface,  and  differing 
from  all  other  vegetable  cells,  subserve  an  important  purpose  in 
the  sustenance  of  the  plant,  there  cannot  be  any  doubt.  But  Just 
what  that  purpose  is,  or  what  is  the  mode  of  operation,  I  think, ' 
has  never  been  ascertained. 

In  the  same  locality  will  ver}*  likely  be  found  the  most  bcautifhl 
of  all  the  Croton  plants,  the  (7.  argyrantliemum.  Unlike  the  other 
Crotons,  which  are  bushes,  this  is  an  herb  growing  only  about  a 
foot  high,  with  a  milky  sap  which  exudes  when  the  stem  is  broken. 
Tha  leaves  are  silvery,  verging  in  some  cases  to  a  bronze  color, 
and  are  thickly  covered  on  the  upper  side  with  most  remarkable 
and  beautiful  stellate  scales.  The  flower  buds  and  stems  when 
pressed  make  much  more  beautiful  opaque  objects  than  the  leaves. 

The  object  of  these  scales  is  without  doubt  to  prevent  the  too 
rapid  evaporation  of  the  moisture  stored  up  in  the  plant.  They 
are  the  exquisitely  woven  blankets  which  preserve  the  precious 
juices  so  laboriously  gathered.  The  same  kind  of  covering  is 
spread  over  the  leaves  and  stems  of  all  the  air-plants  of  Florida, 
and  doubtless  for  the  same  purpose.  The  well-known  Florida 
moss,  although  not  a  moss,  but  a  member  of  the  Pineapple  family 
{TiUandsia  lisneoides)^  is  an  exceedingly  beautiful  object  under 
the  microscope.  Each  hanging  stem  is  overlaid  with  filmy  white 
scales,  every  one  of  which  is  fastened  in  its  place  by  what  would 
seem  to  be  the  stamp  of  some  miniature  seal  on  golden-tinted 
wax.  This  plant,  as  ordinarily  seen  on  the  live-oaks  near  cities, 
is  a  dirty-looking  and  unattractive  object,  and  goes  by  the  name 
of  ^^  block  moss."  But  in  out-of-the-way  places,  itimoved  from 
the  dust  and  smoke  of  settled  localities,  it  is  pearly  white  and 
exceedingly  beautiful,  both  to  the  naked  eye  and  under  any  i>ower 
of  magnification.  Florida  moss  should  be  preserved  with  only 
very  slight  pi*essure,  just  enough  to  make  the  threads  lie  straight. 
After  it  is  dned  in  this  way,  small  cuttings  may  be  mounted  in 
the  ordinary-  cells  for  opaque  mounting. 

On  the  high  banks  of  the  lake,  and  in  the  adjoining  fields,  may 
be  found  the  large  leaved  and  vigorous  growing  Calicarpa  (C 
Americana)^  sometimes  called  the  French  mulberry,  a  bush  grow- 
ing some  five  or  six  feet  in  height.  The  under  side  of  the  leaves 
of  this  plant  is  nearly  covered  with  little  round  yellow  sessile 
glands,  fiattened  on  top  and  marked  off  into  eight  or  ten  sections 
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by  ribs,  like  those  on  a  melon.  Tbcy  are  in  immense  numbers — 
something  like  thirty  thousand  to  the  square  inch — over  half  a 
million  on  a  good  sized  leaf.  Under  a  light  net-work  of  branching 
glandular  hairs,  viewed  with  a  two-thirds  objective,  these  polished 
amber-colored  disks  glisten  like  a  spangle  of  golden  beads.  The 
same  kind  of  glands  are  found  on  the  leaves  of  many  other  shrubs 
in  Florida — the  sweet  myrtle  {Myrica  cerifei'o)^  the  low  ground 
blueberry  {Vaccinium  tenellum)^  a  certain  bush  or  dwarf  hickory 
{Carya  glabra)^  and  some  others.  These  glands  have  been  va- 
riously called  resin  dots,  resin  glands,  and  odoriferous  glands.  So 
far  as  I  can  judge,  howeVer,  they  are  not  connected  with  any  resinous 
or  odoriferous  secretions.  From  their  almost  perfect  resemblance 
to  the  terminal  bulb  of  the  mushroom  glands  of  the  Pinguicula 
and  Drosera,  which  are  known  to  be  absorbing  glands,  the  proba- 
bility is  that  these  also  serve  to  absorb  moisture  and  ammonia 
from  the  atmosphere  and  from  rains ;  although  I  am  free  to  ac- 
knowledge that  the  position  of  the  glands,  being  for  the  most 
part  on  the  under  side  of  the  leaves,  militates  somewhat  against 
this  view  of  their  purpose. 

Great  care  will  have  to  be  taken  in  pressing  and  drying  vegeta- 
ble specimens  in  the  moist  climate  of  Florida.  The  little  threads 
of  the  mould  fungus  will  be  sure  to  creep  over  the  surface  of  the 
leaves,  spoiling  them  for  microscopical  material,  if  they  are  not 
quickly  and  effectually  dried.  For  this  purpose  it  is  well  to  have 
a  good  supply  of  the  bibulous  botanical  paper,  and  to  change  the 
specimens  every  day  to  fresh  sheets  for  at  least  four  or  five  days. 
The  sheets  after  being  once  used  should  be  spread  out  in  the  sun 
to  dry.  A  weight  of  about  thirty  pounds  may  be  used  as  the 
pressure. 

The  objects  heretofore  mentioned  are  all  for  opaque  mounting. 
Almost  evei-y  preparer  of  slides  has  his  own  favorite  method  for 
this  kind  of  work.  I  myself  prefer  the  use  of  the  transparent 
shcll-lac  cells.  Clai'ified  shell-lac  is  dissolved  in  alcohol,  and 
filtered  through  cotton  wool  under  a  bell-glass  and  with  the  appli- 
cation of  heat.  The  solution  is  evaporated  down  until  it  is  so 
thick  that  it  will  only  just  run,  almost  like  a  jelly.  In  this  condi- 
tion it  can  be  put  on  a  slide  with  a  camel's-hair  brush  on  the  turn- 
table, and  very  quickly  worked  up  into  a  ring  with  the  point  of  a 
knife,  used  first  on  the  inside  to  make  the  cell  of  the  size  wanted, 
and  then  on  the  outside  to  turn  the  cement  up  into  a  compact  ring. 


BT  C.   C.   IIERRIHAJT.  865 

Two  or  three  applications  of  the  cement,  with  intervals  of  a  day 
or  two  after  each,  will  make  cells  of  8ufl3cient  depth  for  all  ordi- 
nary specimens.  These  cells  dry  quite  slowly,  and  if  artificial 
heat  is  used,  it  must  be  increased  only  very  gradually,  otherwise 
vapor  of  alcohol  bubbles  will  make  their  appearance  in  tkem.  A 
small  ring  of  Brunswick  black  ma}'  be  made  in  the  inside  of  the  cell, 
to  which,  when  thoroughly  dry,  the  object  may  be  fastened  with  a 
very  little  liquid  marine  glue.  In  this  case  both  sides  of  the  leaf 
can  be  seen,  which  is  often  desirable.  In  all  opaque  mountings  a 
minute  aperture  should  in  some  way  be  left  open  into  the  inside 
of  the  cell,  so  that  it  shall  not  be  hermetically  sealed  up.  This 
little  precaution  will  save  an  innumerable  number  of  failures. 

The  collector  in  Florida  will  not  fail  to  secure  a  supply  of  the  leaf 
stems  of  the  castor-oil  plant  (Ricinus  communis).  In  regions 
beyond  the  influence  of  frosts  this  plant  grows  continuously  from 
year  to  year,  and  becomes  quite  a  tree.  It  is  only  in  such  a  growth 
that  the  spiral  tissue  of  the  fibro-vascular  bundles  is  fully  per- 
fected. The  castor-oil  plants  grown,  in  our  climate,  during  one 
short  season,  will  furnish  ver^''  little  spiral  tissue,  mostly  spotted 
ducts,  and  scalariform  cells.  There  is  no  more  beautiful  object  for 
multiple  staining  than  thin  longitudinal  sections  through  the  woody 
fibre,  the  vascular  tissues,  and  the  pith  cells  of  well  matured  leaf 
stems  of  the  castor-oil  plant. 

I  will  briefly  describe  my  process  of  making  these  stainings. 
After  being  decolorized  in  chlorinated  soda,  the  sections  may  bo 
left  for  half  a  day  or  more  in  a  solution  of  carmine  in  water  con- 
taining a  few  drops  of  aqua  ammonia ;  then  for  half  an  hour  in  a 
rather  weak  solution  of  extract  of  logwood  in  alum  water,  and 
finally  ten  to  fifteen  minutes  in  a  weak  solution  of  aniline  violet  or 
blue  in  alcohol.  From  this  they  can  be  carried  through  absolute 
alcohol  into  turpentine,  and  mounted  in  balsam  at  an^^  time  there- 
after. If  successful  in  this  staining  you  will  have  the  pith  cells 
in  red,  the  spiral  tissue  in  blue,  the  wood  cells  in  purple,  and  the 
stellate  crystals  in  green  or  yellow. 

But  the  chief  objects  of  interest  to  the  microscopist  in  the 
vegetation  of  Florida  are  the  insectivorous  plants.  Not  only  are 
they  more  abundant,  and  as  I  think  more  perfectl}'  developed  in 
the  central  lake  regions  of  Florida,  but  some  varieties  are  found 
there  difiering,  it  seems  to  me,  from  any  found  elsewhere.  I 
desire  particularly  to  mention  one  which  I  discovered,  and  which 
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perhaps  might  be  entitled  to  rank  as  a  new  species.  In  a  lagoon- 
like basin  at  the  side  of  a  small  lake  near  Lake  Harris,  in  water 
from  two  to  three  feet  deep,  I  found  numerous  specimens  of  the 
insectivorous  plant,  known  as  the  Drosera  or  sun-dew,  growing 
thriftily  and  floating  about  among  the  scattered  water  weeds,  with- 
out any  attachment  whatever,  indeed  with  very  little  root  of 
any  kind,  the  dead  leaves  that  hung  down  in  the  water  seeming 
both  to  buoy  it  up  and  to  hold  it  upright.  This  plant  differs  fi*om 
all  the  described  species  of  Drosera,  so  far  as  I  have  been  able  to 
ascertain,  in  having  an  upright  leaf-bearing  stem,  four  to  five 
inches  long,  in  floating  free  on  the  water,  and  in  having  unusually 
long,  vigorous,  and  numerous  leaves.  As  I  never  found  this 
floating  Drosera  in  any  other  location,  and  as  there  was  an  abun- 
dance of  the  ordinary  Drosera  longi folia  growing  on  the  adjoining 
shore,  I  could  not  resist  the  suspicion  that,  at  this  very  spot  in 
some  past  time,  a  plant  of  the  longifolia  had  b}'  accident  become 
uprooted,  and  floated  out  on  the  water  —  that  finding  it  could 
capture  insects  even  better  on  the  water  than  crowded  among  shore 
plants,  it  adapted  itself  permanentl}'  to  its  new  location  and 
modes  of  growth.  It  appeared  to  me  quite  within  the  bounds  of 
probability  that  here  was  an  instance  of  the  evolution  of  a  species 
in  loco. 

The  Drosera  or  "  sun-dew"  is  found  on  the  margins  of  nearly 
all  small  ponds  and  permanently  wet  places  throughout  the  south. 
It  is  a  small  red  plant  growing  close  to  the  ground,  and  glistening 
in  the  sunlight.  Its  little  whorl  of  expanded  leaves  forms  a 
circlet  as  beautiful  as  an}-  flower,  and  often  so  very  small  that  I 
have  frequently  mounted  whole  plants  with  flower  stalk  and  buds 
on  one  slide.  Each  leaf  of  the  Drosera  has,  spread  out  on  its 
upper  surface  and  edges,  from  two  to  three  hundred  arms,  called 
tentacles,  because  endowed  with  the  power  of  motion,  and  of  such 
varying  lengths  that  when  naturally  incurved  their  ends  just  meet 
at  the  centre  of  the  leaf.  Each  tentacle  has,  at  its  extremit}^  a 
pad,  like  an  extended  palm,  with  a  ridge  raised  lengthwise  u|X)n 
it ;  and  in  this  palm  is  a  bundle  of  spiral  vessels  connected  with 
the  same  tissues  in  the  leaf.  Now  all  these  tentacles  secrete  and 
exude  from  the  glands  at  their  ends  a  little  drop  of  a  very  adhesive 
fluid ;  and  the  glistening  of  these  drops  in  the  sunlight  on  their 
nsuall}'  bright  red  back-ground  gives  to  the  plant  its  beaut}'  and 
its  name  of  the  ^^  sun-dew.'*     An  insect  attracted  to  and  alighting 
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on  these  leaves  is  inevitably  held  fast.  The  tentacles  by  wnich 
it  is  held  very  soon  begin  to  bend  towards  the  centre  of  the  leaf, 
carrying  the  fly  with  them.  Then  in  some  mysterious  way  in- 
telligence is  communicated  to  the  other  tentacles,  and  they  too 
begin  to  turn  towards  the  centre  of  the  leaf,  in  the  course  of  an 
hour  or  two  completely  covering  the  captured  prey.  If  the  insect 
is  caught  entirely  on  one  side  of  the  leaf  then  only  the  tentacles 
of  that  side  inflect.  The  glands,  after  envelopment,  exude  a  gastric 
fluid  which  dissolves  the  nitrogenous  matter  in  the  body ;  after 
which,  by  another  change  of  function,  the}"  absorb  and  cany  down 
into  the  plant  all  this  nutritious  little  feast.  In  the  course  of 
three  or  four  days  the  tentacles  again  expand  and  prepare  them- 
selves for  another  capture. 

There  are  several  reasons  which  lead  me  to  believe  that  these 
unique  and  most  wonderful  organs  of  the  Drosera  are  a  direct  and 
special  development  from  the  common  simple  mushroom  glands, 
which  are  found  on  many  plants  and  which  have  for  their  primary 
function  to  absorb  moisture  and  ammonia  from  the  atmosphere 
and  from  rains.  I  found  on  the  calyx  and  flower  stem  of  the 
Drosera  an  abundance  of  these  mushroom  glands.  Indeed,  the 
flower  stem  with  its  buds  furnishes  by  reason  of  them  an  exceed- 
ingly beautiful  object  for  the  microscope,  both  in  a  natural  state, 
and  when  prepared  by  double  staining.  I  have  found  it  quite  a 
general  rule  as  regards  plants,  that  whatever  organs,  such  as 
stellat-e  hairs  or  glands,  the  leaves  may  possess,  the  calyx  and 
stem  of  the  flower  will  show  them  in  far  greater  luxuriance  and 
beauty.  The  stellate  hairs  of  the  Dbutzia,  the  Crotons,  and  the 
Shepherdias  are  far  more  numerous  and  striking  on  the  flower 
buds  than  on  the  leaves.  The  mushroom  glands  which  are  found 
on  the  leaves  of  the  Saxifrage  and  Pinguicula  are  multiplied 
many-fold  in  number  and  attractiveness  on  the  calyx  and  flower 
stems  of  these  plants.  So  I  regard  that  this  was  once  the  case 
with  the  Drosera ;  and  that  the  mushroom  glands,  which  are  now 
found  on  the  flower,  were  then  common  to  the  leaves.  A  process 
of  evolution  has  transformed  them  on  the  leaves  into  those  won- 
derful motile  arms  adapted  to  the  capture  of  insects,  but  has  left 
them  unchanged  on  the  flower,  where  that  function  would  be  of  no 
use  to  the  plant.  I  occasionally  flnd  in  my  preparations  a  solitary 
mushraom  gland  among  the  tentacles  of  the  leaf —  a  remnant  of  a 
race  that  has  been  supplanted.    There  is  found  in  Portugal  a 
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plant  very  similar  to  the  Drosera,  the  Drosophyllum,  which  has 
still  only  the  mushroom  glands  on  its  leaves,  and  cat<»hes  insects 
in  great  quantity  by  loading  them  down  with  the  viscid  secretion 
which  these  glands  abundantly  pour  forth. 

To  exhibit  the  very  delicate  structure  of  the  leaf  and  tentacles 
of  the  Drosera,  it  is  necessary  to  color  them  but  slightly.  The 
danger  will  be  in  overstaining.  Therefore,  after  decolorizing  and 
immersion  for  a  few  hours  in  the  carmine  solution,  the  specimens 
should  be  exposed  to  only  a  very  weak  fresh  solution  of  logwood 
for  fifteen  or  twenty  minutes.  If  the  aniline  blue  is  resorted  to 
at  all,  it  must  be  in  a  very  weak  solution.  A  mounting  of  a  leaf 
and  a  stem  with  flower  buds  in  one  cell,  in  camphorated  or  carbo- 
lated  water,  makes  a  very  pretty  and  complete  slide  for  the 
Drosera. 

The  Utricularia  is  a  floating  carnivorous  plant  which  grows  in 
the  shallow  water  of  quiet  ponds.  On  the  surface  of  the  water 
from  flve  to  seven  leaves  are  spread  out  like  the  spokes  of  a 
wheel,  and  from  the  centre  of  these  leaves  the  plant  sends  upward 
its  flower  stalk  and  downward  its  root-like  branches,  floating 
freely  in  the  water.  Among  the  thickly  branching  fibres  of  these 
long  submerged  stems  are  perched  innumerable  little  bladders  or 
utricles,  not  much  larger  than  the  head  of  a  pin,  each  provided 
with  a  mouth,  at  the  bottom  of  a  sort  of  funnel  of  bristles,  closed 
with  a  cunning  little  trap-lid  which  opens  inward,  ingulfing  and 
imprisoning  whatever  minute  creatures  or  substances  may  happen 
to  be  resting  on  it.  In  these  sacks  during  the  growing  season  we 
will  find  numerous  microscopic  water  fleas,  mites  and  beetles,  with 
grains  of  pine  pollen  and  other  floating  particles.  The  organic 
bodies  will  be  found  in  all  stages  of  digestion,  showing  that  the 
plant  derives  nourishment  from  such  captured  prey ;  and  appar- 
ently its  only  means  of  livelihood  is  trapping. 

When  taken  from  the  water  and  dried  under  slight  pressure,  the 
submerged  portions  of  the  Utricularia  will  be  found  literally  cov- 
ered with  diatoms ;  and  many  very  interesting  chrysalids  of  water 
insects  will  be  found  attached  to  them.  These  will  all  be  washed 
oflT  if  the  plant  is  bleached  in  chlorinated  soda.  To  preserve  them 
it  will  be  necessary  to  remove  the  color  in  alcohol.  And  besides  to 
handle  very  carefully.  The  staining  can  only  be  single,  and  1 
have  found  a  weak  solution  of  aniline  eosine  in  water  to  be  the 
best  material  for  coloring,  showing  at  the  same  time  the  structure 
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of  the  utricles  and  the  captures  contained  in  them.  Specimens 
of  new  growth,  showing  the  just  forming  utricles  and  the  peculiar 
circinate  mode  of  growth,  should  be  included  on  the  slide.  The 
mounting  should  be  in  carbolated  water. 

The  Pinguicula,  another  of  the  insectivorous  plants,  is  found 
abundantly  on  the  more  open  plains,  and  not  far  from  wet  places. 
It  is  a  compact  rosette  of  very  light  green  leaves,  growing  close 
to  the  ground,  from  the  centre  of  which  rises  a  single  flower  stalk 
eight  or  ten  inches  high.  The  leaves  have  their  edges  turned  up 
forming  a  shallow  trough,  and  on  the  upper  surface  are  nuishrooro 
glands  which  exude  a  viscid  secretion.  Insects  are  caught  and 
held  by  this  sticky  substance  until  they  die.  The  nutritious  matter 
is  then  dissolved  out  by  an  acid  secretion,  and  this  is  ultimately 
absorbed  into  the  substance  of  the  plant  by  the  glands  on  the 
leaf.  The  edge  of  a  leaf  when  excited  by  a  capture  will  bend 
over  upon  it  for  a  short  time, —  merely  for  the  purpose,  I  think,  of 
more  effectually  securing  it,  and  of  bathing  it  in  the  secretions. 

Tiie  calyx  and  flower  stalk,  as  I  have  already  mentioned,  are 
thickly  covered  with  the  same  mushroom  glands  that  are  found  mora 
sparingly  on  the  leaves.  I  have  never  seen  any  evidence*  that  tu. 
flower  appendages  took  an}'  part  in  the  digestion  of  insects.  They 
seem  to  be  rather  in  the  nature  of  an  ornamentation,  than  of  any- 
thing useful.  For  exhibition,  therefore,  or  for  double  staining,  the 
calyx  and  flower  stem  will  be  found  by  far  the  most  attractive  part 
of  the  plant.  The  best  way  to  preserve  them,  as  well  as  all  such 
small  material,  until  wanted  for  use,  is  to  put  them  green  into  a 
common  morphia  vial  with  a  few  drops  each  of  alcohol  and  water^ 
and  then  to  cork  and  seal  them  up  tight  with  melted  beeswax. 
To  prepare  them  for  the  slide,  these  objects  ma}'  be  treated  pre- 
cisely as  recommended  for  sections  of  castor-oil  plant,  but  should 
be  mounted  in  a  weak  solution  of  glycerine  in  camphorated  water. 

If  cells  are  made  of  rings  punched  out  of  the  thin  sheets  of 
colored  wax  used  by  artificial  flower  makers,  and  then  coated  with 
either  liquid  marine  glue,  or  a  mixture  in  equal  parts  of  gold  size 
and  gum  damar  dissolved  in  benzole,  this  method  of  luiuid  mount- 
ing may  be  as  easily  and  safely  performed  as  mounting  in  balsam. 
In  very  many  cases  simple  water,  made  antiseptic  in  any  numner, 
will  be  found  far  i)refo!  able  to  any  other  media,  both  for  retaining 
the  full  and  distended  forms  of  minute  organs,  and  for  bringing 
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out  the  delicate  markings  of  vegetable  structure  which  t  le  highly 
refractive  balsam  would  entirely  obliterate. 

There  is  only  one  other  insectivorous  plant  found  in  Florida— 
the  pitcher  plant,  Sarracenia  variolaris,  a  species  growing  only 
in  the  South  Atlantic  States.  It  is  found  in  low  and  wet  places 
among  the  open  pine  barrens,  but  is  not  as  abundant  as  the  others 
which  have  been  mentioned.  The  leaf  is  a  hollow,  conical,  or 
trumpet-shaped  tube,  with  a  flange  or  wing  running  up  one  side, 
and  a  hood  which  arches  over  the  orifice  of  the  tube.  During  the 
growing  season  this  tube  is  usually  more  than  half  filled  with 
water,  which  we  must  suppose  secreted  by  the  plant  itself,  because 
the  hood  effectually  sheds  all  rain  water  from  it.  Crowded  into 
the  bottom  of  the  tubes  of  mature  leaves  we  shall  almost  invaria- 
bly find  a  mass  of  the  hard  and  indigestible  parts  of  insects.  These 
creatures  have  been  in  some  way  attracted  into  that  suspicious 
looking  receptacle,  and  once  in  have  been  unable  to  get  out  again. 
A  mere  partially  covered  tube,  however,  with  a  little  water  in  it, 
is  by  no  means  a  fly-trap.  Not  one  insect  in  a  hundred  would  fall 
into  that  well  and  drown,  if  there  were  not  some  special  device 
absolutely  preventing  it  from  crawling  upward.  Now  a  micro- 
scopical examination  of  the  inside  of  the  hood  and  tube  of  the 
pitcher  plant  reveals  the  most  skilful  contrivances  for  securing 
insect  prey  that  could  possibly  be  imagined.  In  the  first  place, 
there  are  in  the  upper  part  of  the  receptacle,  and  about  the  mouth, 
great  numbers  of  sessile  glands  which  secrete  abundantly  a  sweet 
fluid  very  attractive  to  ants  and  flies.  Further,  there  is,  on  the 
inner  surface  of  the  hood  and  mouth,  a  formidable  array  of  com- 
paratively long,  pike-pointed  spines,  all  pointing  backward  and 
downward.  These  grade  oflT  into  shorter,  more  blunt,  but  still 
exceedingly  sharp-pointed  spines  which  overlap  each  other  like 
tiles  on  the  roof  of  a  house.  This  kind  of  coating  lines  the  tube 
for  a  third  of  the  way  down,  the  spines  growing  finer  until  at  last 
they  grade  oflT  into  regular  hairs  which  line  all  the  lower  part  of 
the  tube  ;  spines  and  hairs  all  pointing  downward.  An  insect,  at- 
tempting to  retrace  its  steps  after  its  ambrosial  feast,  would  find 
nothing  which  it  could  penetrate  or  grasp  with  the  booklets  of  its 
feet ;  and  the  wetness  of  the  spines,  from  the  constantly  overflow- 
ing glands,  would  probably  prevent  it  from  making  use  of  any 
other  device  that  insects  may  have  for  climbing  glazed  surfaces. 
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As  a  matter  of  fact,  no  creature  comes  out  of  that  prison  house ; 
unless  it  be  with  the  single  exception  of  one  cunning  spider,  which 
in  some  way  finds  a  safe  and  rich  retreat  under  the  hood  of  its 
great  vegetable  rival. 

The  bodies  of  the  captured  prey  fall  into  the  fluid  in  the  tube, 
and  are  macerated  or  decomposed,  but  without  any  signs  of  pu- 
trescence. Therefore  the  plant  must  at  once  absorb  the  animal 
matter,  for  otherwise  this  would  cause  the  infusorial  life  which  is 
called  putrefaction. 

In  order  to  show  the  internal  structure  of  the  pitcher  plant  leaf, 
it  will  be  necessary  to  separate  the  cuticle  which  bears  the  spines 
and  glands  from  the  rest  of  the  leaf.  To  do  this  pieces  cut  from 
the  leaf,  and  preferably  those  showing  the  transition  from  one 
kind  of  spines  into  another,  after  being  soaked  in  water,  may  be 
put  into  common  nitric  acid,  and  this  brought  up  to  the  boiling 
point  over  an  alcohol  lamp.  They  should  then  be  immediately 
washed  in  several  waters,  when  it  will  probably  be  found  that  the 
cuticle,  both  the  inner  and  the  outer,  has  already  separated  from 
the  parenchyma.  The  specimens  will  need  no  further  bleach- 
ing, and  may  be  stained  either  in  cosine,  the  aniline  orange  color, 
dissolved  in  water,  or  in  aniline  blue  in  alcohol.  As  there  is  only 
one  kind  of  tissue  to  be  stained,  it  will  be  impossible  to  get  more 
than  one  color  in  them.  They  should  be  mounted,  or  kept  in 
water  very  slightly  acidulated  with  carbolic  acid. 

I  cannot  but  regard  the  pitcher  plant  as  the  most  highly  devel- 
oped, the  most  specialized  in  its  organization  of  any  of  the  insec- 
tivorous plants.  It  differs  more  widely  from  ordinary  vegetation, 
and  has  more  special  and  adapted  contrivances  about  it  than  any 
of  the  others.  Now,  as  I  believe  that  the  truth  of  the  modern 
evolutionary  theory  will  be  eventually  brought  to  the  test  by  well 
studied  monographs,  made  by  microscopists,  on  some  such  highly 
differentiated  organic  structures  as  the  pitcher  plant,  I  do  not 
deem  it  a  digression  to  present  here  briefly  some  inferences  which 
seem  to  me  to  arise  from  the  developmental  history  of  this  par- 
ticular plant. 

Of  course,  if  the  pitcher  plant  was  developed  from  other  and 
ordinary  plants,  it  had  at  one  time  the  simple  plain  leaves  of 
common  herbs.  It  must  have  early  commenced,  in  some  way,  to 
appropriate  insect  food  on  these  leaves,  because  every  essential 
change  was  for  the  betterment  of  the  plant  in  this  respect.    The 
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stem  of  the  leaves  soon  began  to  put  out  flanges  or  wings  on  each 
side  —  the  phyllodia  of  the  botanists,  which  are  not  uncommon 
among  plants.     And  these  outspread  wings  must  have  assisted 
in  the  absorption  of  insect  food  that  was  washed  down  upon  them. 
Then  the  edges  of  the  wings  turned  up,  and  eun'ed  around  tow- 
ards each  other,  until  finally  they  met  and  grew  together,  forming 
a  tube  and  a  much   more  complete  receptacle  for  decomposing 
animal  bodies.     A  South  American  genus,  the  Ildiampfiora^  is 
just  in  this  condition  at  the  present  time.     Then  from  some  un- 
known cause,  and  in  a  way  exceedingly  dilBcult  to  explain,  our 
Sarracenia  changed  entirely  its  manner  of  capturing  insects.     The 
leaf  bent  over  the  orifice  of  the  tube,  forming  the  hood,  and  those 
remarkable  spines  and  tiled  plates  were  developed  on  the  inside 
of  the  hood  and  tube,  growing  backwards  contrary  to  the  order  of 
nature.      When  all  this  was  accomplished  and  fully  completed, 
but  not  before,  our  plant  could  commence  its  cai*ecr  as  the  most 
successful  trappist  of  either  the  vegetable  or  the  animal  kingdom. 
Now,  according  to  the  Darwinian  theory,  all  these  transformations 
lirere  the  result  of  innumerable  slight  and  accidental  variations, 
each  one  of  which  happened  to  be  so  beneficial  to  the  particular 
plant  concerned,  that  it  got  the  start  of  all  the  others  and  every 
time  run  them  all  out  of  existence.     One  cannot  tell  how  many 
million  times  this  extinction  and  reproduction  must  have  occurred 
before  our  marvellously  perfect  little  flytrap  was  finally  produced. 
Excuse  nie,  if  I  confess  that  all  the  canonical  books  of  Darwin  are 
not  sufficient  to  make  me  put  faith  in  the  miracles  of  accidental 
evolution.    I  believe  in  the  fact  of  the  gradual  development  of  the 
organic  kingdoms ;  for  all  science  teaches  it.     But  I  believe  it  was 
governed  and  guided  b}*  forces  more  potent  than  accident  and  chance. 
The   Being,  or  the  first  cause,  if  you  will,  that  originated   the 
simple  elements  of  matter,  and  endowed  them  with  the  power  and 
the  tendency  to  aggregate  into  developing  worlds,  might  equally 
as  well  have  endowed  certain  of  them  with  the  power  and  the 
tendency  to  aggregate  into  ever-advancing  organisms.     There  is 
no  cliance  in  the  myriad  forms  of  crystalline  and  chemical  sub- 
stances ;    then  why  should  there  be  in  the  scarcely  more  varied 
colloid  forms  of  liviuij:  matter?     In   a  world    that  unfolds  from 
chaos  in  one  steady  line  of  progress,  that  shows  only  design  at 
every  advancing  stage,  I  niust  logically  ])lace  somewhere  at  its 
commencement  the  Almighty  fiat  of  a  Designer. 
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Sulphuric-acid  trfatment  of  Seeds  and  its  value  to  Cotton 
Planting  and  Culture.  By  Thomas  Taylor,  of  Wash- 
ington, D.  C. 

While  making  sonoe  microscopical  examinations  about  fifteen 
montlis  ago,  to  determine  tlie  position  of  the  oil-cells  in  Indian 
corn,  I  found  that  the  germ  of  this  seed  was  remarkably  well  pro- 
tected from  accidental  injury.  It  is  surrounded  by  a  series  of  oil- 
cells,  outside  of  which  are  many  layers  of  starch-cells,  filled  with 
granules  of  starch.  Bounding  these  cells  is  a  second  series  of 
oil-cells  in  close  contact  with,  and  under  the  external  cellulose 
coating  of  the  seed. 

As  one  of  the  results  of  this  investigation,  it  occurred  to  me 
that  seeds  of  this  structure  might  with  entire  safety  be  subjected 
to  chemical  action,  with  a  view  to  effect  certain  chemical  changes, 
in  those  outer  portions  which  serve  as  nourishment  to  the  germ, 
thus  accelerating  the  process  of  germination.  For  the  purpose  of 
experiment  on  this  point,  I  selected  sulphuric-acid  for  the  reason, 
that,  like  diastase,  this  agent  has  the  property  of  converting  starch 
and  dextrine  into  grape  sugar,  substances  used  as  plant  food  in 
the  germination  of  the  embryo. 

Indian  corn  is  a  t^'pe,  in  its  internal  structure,  of  a  large  class 
of  seeds.  The  cotton-seed  is  a  conspicuous  example  of  another 
class. 

In  the  cotton-seed  the  entire  space  inside  the  pericarp  is  occu- 
pied b^'  the  embryo  or  miniature  plantlet.  This  plantlet,  it  rtj- 
moved  and  subjected  to  chemical  treatment,  will  be  seen,  by  the  aid 
of  the  microscope,  to  be  charged  with  starch,  oil  and  albumen, 
thus  showing  that  the  plantlet  contains  within  itself  the  food 
necessary  for  its  proper  germination. 

Owing  to  such  dilfercnces  of  structure,  the  action  of  suli)huric- 
acid  is  not  alike  on  all  seeds.  In  one  case  the  acid  may  be  em- 
ployed to  act  directly  on  the  proximate  principles  of  the  seed,  while 
in  others,  as  in  the  case  of  the  cottou-seed,  its  action  may  be  con- 
fined to  the  process  of  reducing  the  non-conducting  substance  of 
the  hull,  so  that  heat  and  moisture  from  without  mav  have  more 
read}'  access  to  the  germ  or  plantlet. 

In  the  cottou-seed,  the  benefits  of  the  acid  treatment  are  con- 
spicuously manifest.  The  cotton-seed  of  commerce  is  covered 
with  matted  short  fibres  of  cotton,  firmly  adhering  to  the  conii)act 
woody  shell  or  pericarp.     As  a  result  of  experiment,  I  have  found 
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that  two  ounces  of  strong  sulphuric-acid  poured  over  sixteen 
ounces  of  cotton-seed,  as  now  used  for  planting,  completely  dis- 
solves the  cotton-fibre  on  its  surface,  changing  it  into  a  gummy 
substance  soluble  in  water.  If  sufficient  time  is  allowed  for  the 
acid  to  act  on  the  hull,  the  latter  is  reduced  in  thickness  and 
rendered  moi*e  porous.  On  washing  the  seeds  thus  treated  with 
plenty  of  water,  the  gummy  substance  is  removed,  and  the  seeds 
appear  clean  and  smooth,  resembling  in  color  a  ripe  apple-seed. 

When  the  seed  is  thus  cleaned  there  is  no  mechanical  obstacle 
to  the  use  of  machinery  in  planting  it,  whereas  it  is  now  planted 
by  hand  throughout  all  the  cotton-growing  regions  of  the  world  ; 
but  before  this  advantage  can  be  utilized  by  the  planter,  it  is  essen- 
tial to  show  that  the  germ  of  the  seed  is  uninjured  by  the  use  of 
the  acid.  If  a  cotton-seed,  treated  as  above  described,  is  immersed 
in  water  for  a  period  of  say  twent3^-four  hours,  the  hull  may  be 
removed  by  the  careful  use  of  a  knife  and  the  leaves  and  plumule 
of  the  plantlet  thus  exposed  may  be  examined  by  a  low  power  of 
the  microscope. 

If  sufficient  mechanical  care  has  been  observed  in  the  removal 
of  the  hull,  the  plantlet  will  appear  perfect  in  all  respects,  showing 
that  no  chemical  injury  has  been  sustained  on  its  surface  by  means 
of  the  action  of  acid  on  the  external  surface  of  the  hull  or  peri- 
carp. From  these  and  other  facts  thus  gained  by  the  use  of  the 
microscope,  I  became  firmly  impressed  with  the  conviction  that 
cotton-seeds  thus  treated  were  not  only  uninjured,  but  would 
germinate  earlier  than  seeds  planted  in  the  usual  manner.  But  to 
leave  no  doubt  upon  this  point,  I  determined  to  test  such  seeds  by 
having  them  planted  under  conditions  favorable  for  germination ; 
and  to  this  end  I  placed  them  in  the  hands  of  Mr.  Wm.  Saunders, 
Sui>erintendent  of  Gardens  and  Grounds  of  the  Agricultural  De- 
partment at  Washington.  I  visited  daily  the  hot-house  in  which 
these  seed-experiments  took  place  and  took  notes  of  their  daily 
relative  growth.  The  experiments  were  conducted  in  the  follow- 
ing manner:  — 

In  every  experiment  two  samples  of  seed  were  used  and  placed 
in  separate  pots  side  by  side  and  under  the  same  general  condi- 
tions. One  lot  was  treated  with  sulphuric-acid,  the  other  planted 
in  the  usual  manner  without  chemical  treatment.  In  this  way  we 
could  judge  of  the  acid  treatment  by  comparison  of  growth.  The 
first  cotton-seeds  planted  were  subjected  to  an  average  tem[>era- 
ture  of  about  67°  Fah.     It  was  during  the  winter.     The  seeds 
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treated  with  acid  germinated  in  about  eighty-two  hours,  the  un- 
treated in  about  one  hundred  and  sixty-four  hours. 

When  similar  experiments  were  made  under  an  average  temper- 
ature of  85®  Fah.,  the  treated  seeds  germinated  in  about  forty 
hours ;  the  untreated  in  about  ninety  hours.  One  sample  was 
treated  with  full  strength  sulphuric-acid  of  commerce  for  a  period 
of  one  hour.  The  seeds  were  next  removed  from  the  acid,  placed 
on  a  glass-plate  and  allowed  to  remain  in  that  condition  unwashed 
for  a  period  of  twenty-four  hours,  after  which  they  were  washed  in 
water  and  planted.  After  a  lapse  of  thirty  hours  these  seeds  ger- 
minated, and  they  have  produced  thrifty  plants  which  are  now  in 
bloom  and  partly  boiled.  Hundreds  of  cotton-plants  have  been  suc- 
cessfully grown  from  the  seeds  used  in  these  experiments ;  and  in 
every  case,  where  comparison  was  made,  seeds  treated  with  strong 
sulphuric-acid  germinated  earlier  than  those  not  so  treated. 
Several  persons  in  the  city  of  Washingon,  D.  C,  have  planted, 
in  open  ground,  treated  cotton-seeds,  furnished  by  me.  All  of 
them  have  germinated  and  produced  healthy  plants  some  of  which 
are  already  boiled.     IM}'  own  garden  furnishes  several  examples. 

In  all  these  experiments  the  seeds  were  planted,  according  to 
hot-house  custom,  near  the  surface  of  the  soil.  The  cotton-seecjis 
were  planted  about  one-fourth  of  an  inch  below  the  surface. 
When  planted  in  the  field,  they  have  a  covering  of  about  three 
inches  of  earth.  Treated  seeds,  planted  at  that  depth,  would  during 
high  temperature  germinate  much  earlier  relatively  than  seed 
untreated  ;  because  the  cotton  covering  and  thick  hull  offer  more 
resistance  to  transmitted  heat  at  a  depth  of  several  inches,  than 
they  will  when  nearer  to  the  direct  rays  of  the  sun. 

Theoretically  and,  I  believe,  practically  the  planter  will  gain 
several  days*  time  by  planting  treated  seeds.  In  the  process  of 
washing,  the  light,  inferior  and  wormy  seeds,  which  float  on  the 
surface  of  the  water,  may  be  at  once  removed.  The  heavy  and 
plump  seeds  fall  to  the  bottom. 

The  washings  should  be  saved  and  thrown  on  the  home-made 
manure  pile.  The  sulphuric-acid  they  contain  will  absorb  the 
escaping  ammonia  and  thus  preserve  from  waste  a  valuable  ferti- 
lizing agent. 

During  the  past  3'ear  I  have  made  many  experiments  with  other 
seeds,  including  cranberry,  tobacco  and  sorghum  seeds,  wheat, 
oats,  peas,  beans,  Australian   tree-seeds   and   palm.     All   seeds, 


876  .   SULPHURIC-ACID  TREATMENT;  BY  THOMAS  TAYLOR. 

treated  by  soakage  in  full  strength  sulphuric  acid  of  commerce, 
germinated  without  failure. 

Two  sets  of  old  and  hard  Australian  tree-seeds  were  plante<l, 
one  set  having  been  severely  treated  with  acid,  full  strength. 

There  was  a  marked  difference  in  the  time  of  germination  be- 
tween the  treated  and  untreated  seeds.  All  of  the  ti-eated  seeds 
germinated  within  one  month,  while  the  non-treated  did  not 
geiminate   until   the   expiration  of  three  months  after  planting. 

Beans  were  so  severely  treated  that  their  hulls  separated  and 
shrivelled  up,  yet  all  germinated  and  grew  vigorously. 

A  palm-seed  measuring  2^  inches  long  by  1 J  inches  across,  and 
as  hard  as  vegetable  ivory,  was  soaked  in  a  mixture  of  sulphuric- 
acid,  diluted  with  fifty  i>er  cent,  of  water  for  a  period  of  twenty- 
four  hours,  and  to  render  the  soakage  the  more  complete,  the 
shell  of  the  nut  at  the  base  end  was  removed  to  the  extent  of  half 
an  inch  in  diameter  superficial  measurement. 

This  seed  germinated  three  weeks  after  planting,  although  the 
usual  period  of  germination  of  the  seed  under  hot-house  culture  is 
sometimes  several  j'cars.  Seetls  which  ordinarily  germinate  in  a 
short  period  of  time  are  not  improved  by  the  acid  treatment,  as  far 
as  my  experiments  have  gone.  Its  utility  has  been  most  conspic- 
uous in  the  case  of  cotton-seeds  and  hard  and  old  tree-seeds,  in- 
cluding palm-seeds. 

It  is  my  present  purpose  to  continue  my  experiments  with  seeds, 
and  an}'  useful  results  that  may  be  attained  will  be  made  known 
to  the  public  in  the  Reports  of  the  Department  of  Agriculture  or 
other  publications.  In  the  meantime,  it  is  my  intention  to  have 
treated  cotton-seeds  tested  in  the  open  fields  in  the  coming  season 
on  a  scale  sufficiently  large  to  ascertain  practically  the  benefits  of 
the  sulphuric-acid  treatment. 

The  following   extract  from   a  letter  from   a  practical   cotton 

planter,  formerly  of  North  Carolina,  sets  forth  clearly  the  possible 

advantages  to  be  derived  by  the  planter  from  cotton-seeds  thus 

treated :  — 

Washington,  D.  C. 

24th  July,  1880. 
Mr.  Thomas  Taylor, 

Microscopisty  Department  of  Agriculture. 

Dbau  sir  :  — 

I  know  something  about  the  raising  of  cotton,  having  spent  the  greater 
part  of  my  life  in  Cabarrus  County,  North  Carolina,  where  cotton  is  our 
money  croi>. 
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Your  discovery  of  removing  the  lint  from  cotton-sccd  wlthont  injuring 
the  germ  is  of  great  value. 

In  the  first  place :  as  you  prepare  them,  the  seed  con  now  be  drilled  at 
regular  intervals  apart,  as  easily  as  grains  of  corn,  and  this  will,  to  a 
great  extent,  If  not  entirely,  do  away  with  the  labor  of  thinning  out  the 
weed  known  among  planters  as  **chopping  cotton."  This  regular  drilling 
was  not  possible  by  any  machine  while  the  seed  was  coated  with  lint,  f(»r 
the  lint  held  the  mass  together,  so  that  the  individual  grains  could  not  be 
separated. 

In  the  second  place :  the  seed,  as  you  prepare  them,  come  up  much 
earlier  than  what  we  may  now  call  *'llnt-sced." 

This  mal?es  them  doubly  valuable  to  the  planters  of  the  Northern  belt 
of  the.  cotton  region,  where  the  frost  so  often  catches  the  crop,  cutting  It 
down,  not  un frequently  one* third.  The  earlier  start  of  the  prepared  seed 
will  much  reduce  the  damage  now  done  by  the  fi*ost. 

Yours  truly, 

\Vm.  M.  Coleman. 


Permanent  Microscopic  Preparations  of  Plasmodium.    "By  Simon 
II.  Gage,  of  Ithaca,  N.  Y. 

The  previously  i)ublished  methods  of  making  permanent  prepa- 
rations of  tlie  motile  or  nalved  protoplasmic  stage  of  the  Myxomy- 
cetes  are  but  two,  so  far  as  I  know ;  and  no  method  of  getting  the 
Plasmodium  in  a  desired  i:)Ositiou  has  to  my  knowledge  been  pub- 
lished. 

The  old  method  was  to  dr}'^  the  extended  Plasmodium,  the  new  i^ 
to  harden  it  with  osmic  acid.  Both  these  methods  are  defective, 
for  osmic  acid  changes  the  color  of  the  protOi)lasm,  and  drying 
causes  it  to  shrink  as  well  as  to  change  color. 

The  following  is  a  simple  and  efficient  method  of  extension  and 
preservation :  Small  pieces  of  the  rotten  wood,  on  which  the 
Plasmodium  is  found,  should  be  placed  on  moistened  microscoj^e 
slides  with  some  of  the  Plasmodium  touching  the  slides.  These 
shoiUd  be  on  a  piece  of  window  or  plate  glass,  and  over  the  whole 
should  be  placed  a  boll-jar,  or  other  cover,  to  prevent  evai>oration. 
After  an  hour  or  more,  the  glass  on  which  the  slides  rest  should 
be  lifted  up  to  see  whether  the  protoi)lasin  has  crawled  out  upon 
any  of  the  slides.  If  any  of  the  slides  are  satisfactory,  lift  off 
the  bell-jar  and  remove  the  pieces  of  wood  from  the  slide.     The 
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Plasmodium  will  remain.  The  slide  should  then  be  put  very 
gently  into  a  mixture  of  equal  parts  of  a  saturated  aqueous  solu- 
tion of  picric  acid  and  95  per  cent,  alcohol ;  it  should  be  removed 
in  15  or  20  minutes,  and  placed,  for  about  the  same  length  of  time, 
in  95  per  cent,  alcohol ;  it  may  then  be  mounted  in  Canada  balsam 
in  the  usual  way,  but  without  previous  clearing. 

The  picric  acid  stiffens  the  protoplasm  almost  instantly,  but 
does  not  shrink  it,  the  alcohol  removes  the  water  and  allows  of 
Canada  balsam  mounting. 

The  above  method  is  especially  good  for  the  yellow  Plasmodium, 
as  the  color  is  precisely  that  of  the  picric  acid  solution.  If  white 
Plasmodium  is  to  be  mounted  it  should  be  soaked  in  25  per  cent, 
alcohol  to  remove  the  yellow  color  of  the  picric  acid,  before 
anhydrating  it  with  strong  alcohol. 

Experiments  have  not  been  tried  with  Plasmodium  of  purple 
and  other  colors  to  determine  successful  methods  of  preservation, 
but  some  slight  modification  of  the  above  is  confidently  expected 
to  succeed. 

Summary.  A. — The  Plasmodium  will  crawl  from  rotten  wood 
and  extend  itself  on  a  moistened  glass  surface. 

B. — The  extended  Plasmodium  may  be  fixed  in  position  by  im- 
mersing the  slide  on  which  it  is  extended  in  a  solution  of  picric 
acid. 

C. — The  slide  may  be  placed  in  95  percent,  alcohol  to  anhy- 
drate  the  Plasmodium,  after  which  it  may  be  mounted  in  Canada 
balsam. 

D. — The  yellow  Plasmodium  retains  its  natural  color  if  treated 
in  this  way. 


Permanent    Microscopic  Preparations  of    Amphibian  Blood 
Corpuscles.     By  Simon  H.  Gage,  of  Ithaca,  N.  Y. 

The  very  excellent  method  of  drying  the  corpuscles  of  mam- 
malian blood,  on  the  microscopic  slide,  is  not  applicable  to  the 
much  more  bulky  corpuscles  of  Amphibia.  The  corpuscles  of  the 
latter  are  sure  to  be  distorted  and  seamed  in  drying  ;  hence  various 
methods  of  preserving  the  corpuscles  moist  have  been  tried  with 
varying  success. 
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The  following  very  great  modification  of  the  method  proposed 
by  Ranvier,  in  his  treatise  on  histology,^  has  been  in  uee  for  some 
time  in  the  Anatomical  Laboratory  of  Cornell  University,  and 
has  given  uniformly  excellent  results.  Preparations  made  three 
years  ago  are  quite  as  good  as  at  first. 

Three  or  four  drops  of  fresh  blood  are  allowed  to  fall  into  10 
cc.  of  normal  salt  solution  (common  salt  750  milligrammes,  water 
100  cc.)^  preferably  contained  in  a  high  narrow  vessel  like  a  grad- 
uate glass  or  beaker.  The  mixture  of  blooil  and  salt  solution 
should  be  well  agitated  and  then  100  cc.  of  a  saturated  aqueous 
solution  of  picric  acid  added  with  constant  stirring.  After  the 
corpuscles  have  settled,  as  much  of  the  supernatant  liquid  as 
possible  is  poured  off,  and  in  its  place  is  put  about  an  equal  vol- 
ume of  normal  salt  solution.  The  corpuscles  are  allowed  to  settle, 
the  liquid  poured  off  and  another  volume  of  salt  solution  added. 
This  is  continued  until  the  salt  solution  acquires  only  a  faint  yel- 
low tinge. 

The  use  of  the  salt  solution  is,  first,  to  dilute  the  blood  in  order 
to  avoid  distortion  of  the  corpuscles,  and  second,  to  wash  away 
the  picric  acid  so  that  the  subsequent  staining  will  be  more  satis- 
factorv. 

After  pouring  off  the  last  salt  solution,  there  is  put  in  its  place 
10  cc.  of  a  mixture  of  five  parts  of  Frey's  carmine  and  ninety-five 
parts  of  picrocarmine.  The  corpuscles  will  stain  in  from  one  to 
fifteen  hours.  A  drop  of  the  agitated  mixture  should  be  exam- 
ined occasionally  to  ascertain  when  the  staining  is  sufficient.  The 
nucleus  should  be  deep  red,  and  the  body  of  the  corpuscle  3*ellow 
or  pinkish. 

When  the  staining  is  completed,  as  much  stainer  as  possible 
should  be  poured  off,  and  replaced  by  10  or  15  cc.  of  acid  glycerine 
(glycerine  100  cc,  acetic  or  formic  acid  1  cc).  This  mixture  of 
corpuscles  and  glycerine  may  be  placed  in  a  bottle  and  used  at  any 
time,  it  being  simply  necessary  to  agitate  the  mixture  slightly  or 
to  take  up  some  of  the  sediment  with  a  pipette  and  mount  it  pre- 
cisely as  any  other  glycerine  preparation. 

Sumraary,  —  1.  The  fresh  blood  is  first  diluted  with  about  fifty 
times   its   volume   of  normal  salt  solution. 

2.  To  tins  diluted  blood  is  added  ten  times  as  great  a  volume 
of  a  saturated  aqueous  solution  of  picric  acid. 

2  Traits  technique  do  liistologic,  p.  Id5. 
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3.  The  picric  acid  i«  washed  away  with  normal  salt  solution. 

4.  The  corpuscles  are  stained  with  picrocarinine,  or  a  mixture 
of  this  and  Frey's  carmine. 

5.  They  are  preserved  in  acid  glycerine,  and  ma^^  be  mounted 
for  the  microscope  at  any  time. 


Method  of  Preparing  akd  ^Iounting  Wings  of  Microlepidop* 
TEKA.     By  C.  II.  Fernald,  of  Orono,  Me. 

For  a  long  time  I  have  been  seeking  some  method,  by  means  of 
which,  the  wings  of  tlie  microlcpidoptera  could  be  prepared,  so 
that  the  venation  could  be  studied  under  the  compound  microscope, 
in  a  manner  that  would  leave  no  doubt  of  the  presence,  or  absence, 
of  the  faintest  vein  in  the  whole  wing-structure. 

The  removal  of  the  scales  by  mechanical  means,  as  resorted  to 
by  some,  was  to  me  quite  unsatisfactory,  and,  in  some  cases,  even 
impracticable.  I  therefore  tried  some  of  the  methods  recommend- 
ed for  bleaching  the  wings  of  small  moths.  That  described  by 
Chambers,  in  the  Canadian  Entomologist,  was  not  a  success  in  all 
cases,  but  whether  not  properly  tried,  I  cannot  say. 

I  next  tried  the  method  for  bleaching  the  wings,  published  by 
Dimmock,  and  while  this  seemed  to  be  a  success  so  far  as  the 
bleaching  was  concerned,  the  final  mounting  did  not  always  give 
satisfactory  results ;  for  when  mounted  dry,  the  scales,  although 
bleached,  were  not  sufficiently  transparent  to  show  clearly  the 
more  obscure  parts  of  the  structure,  and  when  mounted  in  Canada 
balsam,  the  entire  wing  was  rendered  so  transparent  that  onl}'  the 
larger  veins  were  visible,  and  I  found  it  extremely  difficult  to  get 
rid  of  the  air  bubbles,  which  so  readil}'  gathered  under  the  concave 
portions  of  certain  minute  wings. 

I  next  tried  mounting  in  cold  glycerine.  After  having  been 
bleached  by  Dimmock's  method,  the  wings  were  transferred  to  the 
slide  direct  from  the  water  in  which  they  were  washed,  then 
allowed  to  dry,  which  was  sometimes  hastened  by  holding  the 
slide  over  the  flame  of  a  lamp.  AVhen  quite  dry,  a  drop  of  glycer- 
ine was   added  and  the  cover  at  once   put  on,  and   where   the 
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glycerine  penetrated  around  the  edges  so  as  completely  to  saturate 
portions  of  the  wing,  the  scales  at  once  became  transparent  and 
the  structure  was  clearly  apparent. 

The  diflicult}''  still  remained  to  replace  the  air  under  the  concave 
portions  of  the  wing  with  the  glycerine,  so  that  it  could  come  to, 
and  completely  saturate,  every  portion  of  the  wing,  to  the  exclu- 
sion of  all  the  air.  Recourse  was  now  had  to  heat,  and  by  hold- 
ing the  slide  over  the  lamp  till  ebullition  took  place,  the  glycerine 
was  found  to  replace  the  air  without  any  injury  to  the  wing  struct- 
ure, and  even  in  those  refractory  cases  where  the  gl3'cerine  was 
allowed  to  boil  for  a  considerable  length  of  time,  no  injury  what- 
ever was  done  to  the  wing-membrane. 


The  Microscopical  Investigations  of  the  Havana  Yellow 
Fever  Commission.  By  Geo.  M.  Sternberg,*  of  Washing- 
ton, D.  C. 

The  purpose  of  the  present  paper  is  to  give  a  general  idea  of 
the  nature  and  objects  of  the  investigations  in  which  the  writer 
has  been  engaged  during  the  past  year,  under  the  auspices  of  the 
National  Board  of  Health,  and,  more  especially,  to  bring  to  notice 
the  results  obtained  in  photographing  minute  organisms,  and  to 
call  attention  to  the  great  value  of  this  method  in  conducting 
similar  investigations. 

A  photographic  memorandum  of  an  object  which  we  have  seen 
under  the  microscope,  while  it  may  not  be  so  sharply  deQned  as  a 
drawing,  has  the  advantage  of  being  quickly  made,  and  is  an 
unimpeachable  record  of  what  has  been  seen.  A  record,  it  is 
true,  which  conveys  but  little  meaning  to  the  untrained  eye,  just 
as  a  dingy  painting,  by  one  of  the  old  masters,  fails  to  tell  its  story 
to  the  eye  of  an  untutored  savage ;  but  which,  nevertheless,  is 
full  of  meaning  and  of  interest  for  the  skilled  microscopist.  The 
photograph  also  saves  great  time  and  labor  in  the  measurement  of 
objects,  and  makes  it  easy  to  comi>are  objects  seen  at  diilerent 
times  and  places  by  different  observers.  It  may  also  be  dupli- 
cated indefinitely  ;  and  when  everything  is  working  well,  fifteen  or 

*  Surg,  U.  S.  A.,  Secretary  of  llie  Commission. 
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twenty  negatives  may  be  made,  with  tiic  assistance  of  a  skilled 
photographer,  in  the  time  which  would  be  required  by  an  accom- 
plished draughtsman  to  make  a  single  copy  of  any  one  of  them. 
Many  of  my  photographs  have  been  made  from  extemporaneous 
preparations,  in  which  a  delay  of  half  an  hour  or  less,  for  the 
purpose  of  making  drawings  and  measurements,  would  have 
resulted  in  the  destruction  of  the  specimen  by  drying  of  the  liquid 
in  which  it  was  immersed. 

All  microscopists  in  the  habit  of  working  with  high  powers 
know  how  many  accidents  may  happen  to  interesting  extempora- 
neous preparations,  by  which  the  object,  which  has  been  found 
after  a  protracted  search,  is  lost  from  view  before  the  drawings 
and  measurements  desired  have  been  made.  This  is  obviated  to 
a  great  extent  by  the  promptness  with  which  a  photograph  may 
be  made,  and  with  low  powers  we  may  even  take  instantaneous 
views  of  objects  in  motion.  I  do  not  claim,  however,  that  all  is 
plain  and  easy  sailing  and  that  the  art  of  making  photo-micro- 
graphs of  minute  objects  can  be  acquired  without  effort.  On  the 
contrar}',  there  are  man}'  difficulties  with  which  to  contend,  and  the 
chances  are  that  the  beginner  will  make  many  poor  pictures  and 
will  have  his  temper  and  patience  sorely  tried  before  he  attains 
any  considerable  degree  of  success.  The  labors  of  my  friend, 
Surg.  J.  J.  AVoodward  of  the  Army,  have  done  much  towards 
reducing  these  difficulties  and  establishing  a  satisfactor}^  technique 
for  this  art,  and  I  take  pleasure  in  embracing  the  present  oppor- 
tunit}'  to  acknowledge  ray  own  indebtedness  to  him  for  my  first 
lessons  in  photo-micrography. 

As  I  intend  to  project  some  of  these  photo-micrographs  for  your 
inspection  and  to  make  a  few  remarks  upon  each,  while  it  is 
displayed  before  3-ou  on  the  screen,  I  will  not,  at  present,  dwell 
npon  this  portion  of  my  subject,  but  will  proceed  briefly  to  review 
the  objects  and  results  of  the  microscopical  investigations  in  which 
I  have  been  engaged. 

The  Havana  Yellow  Fever  Commission  received  the  following 
instructions  from  the  National  Board  of  Health. 

^^  First,  To  ascertain  the  actual  sanitary  condition  of  the  prin- 
cipal ports  of  Cuba  from  which  shipments  are  made  to  the  United 
States."     ♦     ♦     ♦ 

"  Second,  To  increase  existing  knowledge  as  to  the  pathology 
of  yellow  fever."    ♦     ♦     ♦ 
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•  *'  Tliird.  To  obtain  as  much  information  as  possible  with 
regard  to  the  so-called  endemicity  of  yellow  fever  in  Cuba,  and 
the  conditions  which  may  be  supposed  to  determine  this  endem- 
icity."    ♦     ♦     ♦ 

*'  The  three  points  above  referred  to  are  believed  to  be  those 
which  will  most  certainly  yield  results  to  scientific  investigation  ; 
and  which,  therefore,  should  receive  the  special  attention  of  the 
Commission." 

^'  But,  in  addition  to  these,  the  National  Board  desires  that  the 
Commission  shall  consider  certain  problems  relating  to  this  dis* 
ease ;  problems  which  may  be  entirely  insoluble,  but  which 
nevertheless,  are  of  such  importance  tliat  an  effort  should  be  made 
to  decide  whether  the  National  Board  of  Health  will  be  justified 
in  undertaking  the  labor  and  expense  which  will  probably  be 
required  to  obtain  anything  like  a  complete  solution  of  them,  if 
such  solution  is  at  all  possible.  These  problems  relate  to  the 
nature  and  natural  history  of  the  cause  of  yellow  fever,*"     ♦     ♦     ♦ 

In  the  division  of  labor  made  by  the  members  of  the  Commis- 
sion, the  duty  of  conducting  the  investigations  under  the  first  and 
third  of  the  above  headings  was  assigned  to  the  chairman  of  the 
Commission,  Dr.  S.  E.  Chaill6;  and  that  of  conducting  the 
investigations  under  the  second  heading  to  Dr.  J.  Guiteras ; 
while  my  attention  was  chiefly  given  to  investigations  contem- 
plated in  the  additional  instructions  : 

This,  then,  was  the  task  set  before  me :  to  determine  the  nature 
of  the  yellow  fever  poison ;  to  answer  the  question  which  is  upper- 
most in  our  minds  whenever  this  disease  is  mentioned,  and  which 
has  heretofore  baffled  all  research.  Is  it  an  emanation  from  the 
human  body  ?  Is  it  a  gas  generated  external  to  the  body  ?  Is  it 
a  bioplast?    Is  it  a  germ? 

I  might  well  have  hesitated  before  undertaking  this  unpromising 
investigation,  if  the  language  of  our  instructions  had  implied 
that  the  National  Board  considered  this  an  easy  task,  and  one 
which  they  expected  would  be  accomplished  during  our  brief  stay 
in  Havana.  But  you  will  observe  that  no  such  result  was  antici- 
pated, that  the  difficulty  of  the  undertaking  was  fully  appreciated ; 
and  that  "the  work  of  the  Havana  Commission  in  this  direction 
was  looked  upon  as  pioneer  work,  "to  decide  whether  the  National 
Board  will  be  justified  in  undertaking  the  labor  and  expense 
which  will  probably  be  required  to  obtain  anything  like  a  complete 
solution  of  them,  if  such  solution  is  at  all  possible." 
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Now,  I  have  great  faith  that  science  will  eventually  solve  th^se 
problems,  but  had  little  expectation  that  my  feeble  efforts  for 
three  months  in  Havana,  would  do  more  than  to  clear  away 
some  of  the  difficulties  and  make  the  solution  easier  for  future 
investigators.  I  therefore  had  no  hesitation  in  undertaking  to 
do  my  best  to  fulfil  the  expectations  of  the  National  Board,  with- 
out troubling  myself  as  to  whether  a  failure  to  find  the  germ 
would  be  considered  a  serious  neglect  of  duty  by  the  expectant 
public,  or  would  be  seized  upon  as  a  proof  that  there  is  no  germ, 
by  the  wise  men  who,  having,  without  any  investigation  at  all, 
pronounced  positively  against  its  existence,  are  naturally  anxious 
to  have  a  chance  to  say,  "  I  told  you  so."  The  truth  is  that  we 
are  yet  a  long  way  from  settling  this  question.  But  I  think  I  may 
safely  say  as  the  result  of  my  investigations  in  Havana,  that  there 
18  no  gross  mid  conspicuous  germ  or  organism^  either  in  the  blood  of 
yellow  fever  patients  or  in  ^he  air  of  ivfected  localities^  which,  by  its 
peculiar  ap^warance  or  abundant  presence,  might  arrest  the  atten- 
tion of  a  microscopist  and  cause  suspicion  that  it  is  the  veritable 
germ  of  3'ellow  fever.  By  gross  and  conspicuous  germ,  I  mean 
an  organism,  the  morphological  peculiarities  of  which  are  readily 
made  out  with  a  first  class  modern  objective,  such  as  the  Zeiss 
1-18,  which  I  used  in  Havana.  The  Bacillus  anfhracis  of  splenic 
fever ;  the  Spirillum  Obenneieri  of  relapsing  fever ;  and  the 
bacillus  of  pig  typhoid,  or  infectious  pneumo-enteritis,  all  come 
under  this  head.  Yellow  fever,  so  far  as  the  germ  theory  is 
concerned,  may  therefore  be  classed  with  cholera,  typhoid  fever 
and  the  malarial  fevers,  which,  b}*^  a  process  of  reasoning,  similar 
to  that  commonly  used  for  yellow  fever,  are  very  generally  be- 
lieved to  be  germ  diseases,  but  in  which  no  organism  has  3'et  been 
demonstrated. 

It  is  true  that  the  recent  investigations  of  Klebs  and  Tomassi, 
in  the  vicinitv  of  Rome,  have  resulted  in  the  discoverv  of  what 
the}'  believe  to  be  the  veritable  germ  of  malarial  fever ;  but  these 
observations  require  verification,  and  I  may  say  here  that  I  am 
instructed  by  the  National  Board  to  repeat  their  experiments,  and 
to  seek  their  Bacillus  malarial  in  the  vicinity  of  the  swamps  about 
New  Orleans.  I  have  already  made  some  preliminary  observations 
in  this  direction,  but  thus  far  without  any  positive  results. 

Both  for  yellow  fevpr  and  for  the  malarial  fevers,  the  microscopic 
examination  of  infected  atmospheres  would   seem  to  offer  the  best 
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promise  of  saccess  in  tho  discovery  of  the  organism,  if  there  is  an 
organism,  which  caases  these  diseases.  We  may  suppose  that  in 
non-contagious  diseases  this  organism  is  itself  destroyed  in 
producing  its  noxious  effects  and  does  not  multiply  in  the  human 
body ;  or  that  it  exists  in  the  blood  or  other  fluids,  in  such  small 
numbers  as  to  escape  attention,  or  that  it  accumulates  in  certain 
undiscovered  foci,  in  the  tissues ;  or  that  it  is  too  minute  to  be 
discovered  by  the  highest  powers  of  the  microscope.  All  of  these 
hypotheses  must  be  disproved  before  the  germ  theory,  which,  at 
present,  so  far  as  these  diseases  are  concerned,  is  based  upon  a 
deductive  process  of  reasoning  and  not  upon  direct  experimental 
proof,  can  be  supposed  to  have  fallen  before  the  attacks  of  science. 
On  the  other  hand,  in  the  efforts  of  science  to  discover  the  hypo- 
thetical germs  of  these  diseases,  it  would  seem  that  a  study  of 
infected  atmospheres  should  give  the  best  results ;  as  we  have  here, 
beyond  doubt,  an  abundance  of  these  subtle  poisons,  which  as  yet 
are  known  to  us  only  by  their  effects. 

The  particulate  nature  of  these  poisons  which  is  predicated, 
especially  for  yellow  fever,  upon  vai'ious  facta  i^elating  to  porta- 
bility, preservation  in  goods,  clothing,  etc.,  makes  it  seem  espe- 
cially the  province  of  the  microscopist  to  seek  for  them.  It  is  to 
be  hoped,  however,  that  the  resources  of  chemistry  will  also  be 
brought  to  bear  upon  the  problem. 

As  already  stated,  a  pretty  thorough  search  in  Havana  has 
failed  to  disclose  any  organism  peculiar  to  infected  atmospheres, 
which  may  be  supposed  to  be  the  germ  of  yellow  fever.  But  the 
difficulties  of  such  an  investigation,  the  brief  stay  of  the  Commis- 
sion in  Cuba,  the  innumerable  harmless  organisms  which  abound 
everywhere  in  the  atmosphere  and  which  must  be  excluded,  one  by 
one,  by  the  novice  in  this  field  of  inquiry,  and,  finally,  the  imper- 
fection of  our  optical  apparatus,  all  combine  to  make  this  negative 
result  of  little  value,  and  it  is  only  after  a  protracted  search  by 
specially  trained  experts  that  a  negative  result  can  be  supposed  to 
carry  any  great  weight.  Even  then,  we  shall  only  have  disproved 
the  presence  of  a  germ  visible  with  the  optical  apparatus  now 
available,  and  the  microscope  of  the  fntui*e  may  show  our  successors 
that  which  at  present  is  nltramicroscopic.  We  have  positive 
evidence  of  the  constant  presence  of  ultra-microscopic  germs  in 
the  atmosphere  in  the  development  of  a  multitude  of  micro- 
organisms in  organic  liquids,  exposed  for  a  short  time  to  the  air. 
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For  these  organisms,  although  quite  within  reach  of  our  modern 
objectives,  are  not  found  in  the  atmosphere  by  the  most  careful 
search,  except,  occasional!}'  in  the  immediate  vicinity  of  sewers, 
etc.,  and,  as  evi^lence  of  spontaneous  generation  is  wanting,  we 
are  obliged  to  assume  that  they  are  developed  from  germs  which 
escape  our  researches. 

While  1  have  nothing  but  negative  results  to  bring  before  you, 
so  far  as  the  main  object  of  my  investigations  is  concerned,  1  have 
been  enabled  through  the  liberal  policy  of  the  National  Board  of 
Health  to  study  and  pliotograi)h  many  of  tlie  common  organisms 
found  in  the  atmosphere  of  New  Orleans  during  the  absence  of 
any  epidemic  disease.  As  I  consider  a  thorough  knowledge  of 
these  every-day  organisms  an  essential  prerequisite  to  an  enlight- 
ened study  of  an  infected  atmosphere,  I  have  no  hesitation  in 
bringing  before  3'ou  the  results  of  my  labors.  This  1  can  best  <lo 
b}'  projecting  my  photo-micrographs  for  your  inspection,  and  foi 
this  purpose  will  here  terminate  the  written  portion  of  my  address. 
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PALEONTOLOGICAL  AND  EMBRYOLOGICAL 

DEVELOPMENT. 

Members  of  the  Association  :  — 

Since  the  publication  of  the  "  Poissons  Fossiles"  by  Agassis 
and  of  the  "  Embryologie  des  Salmonidees  "  by  Vogt,  the  similarity, 
traced  by  the  former  between  certain  stages  in  the  growth  of  young 
fishes  and  the  fossil  representatives  of  extinct  members  of  the 
group,  has  also  been  observed  in  nearly  everj'  class  of  the  animal 
kingdom,  and  the  fact  has  become  a  most  convenient  axiom  in  the 
study  of  paleontological  and  embryological  development.  This 
parallelism,  which  has  been  on  the  one  side  a  strong  argument  in 
favor  of  design  in  the  plan  of  creation,  is  now,  with  slight  emen- 
dations, doing  duty  on  the  other  as  a  newly  discovered  article  of 
faith  in  the  new  biolog}'. 

But  while  in  a  general  way  we  accept  the  truth  of  the  proposition 
tluit  there  is  a  remarkable  parallelism  between  the  embryonic  de- 
velopment of  a  group  and  its  paleontological  historj',  yet  no  one 
has  attempted  to  demonstrate  this,  or  rather  to  show  how  far  the 
parallelism  extends.  We  have  up  to  the  present  time  been  satisfied 
with  tracing  the  general  coincidence,  or  with  striking  individual 
cases. 

The  resemblance  between  the  pupa  stage  of  some  Insects  and  of 
adult  Crustacea,  the  earlier  existence  of  the  latter,  and  the  subse* 
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quent  appearance  of  the  former  in  paleontological  history,  flirnished 
one  of  the  first  and  most  natural  illustrations  of  this  parallelism ; 
while  theoretically  the  necessary  development  of  the  higher  trache- 
ate  insects  from  their  early  branchiate  aquatic  ancestors  seemed  to 
foim  an  additional  link  in  the  chain,  and  point  to  the  Worms,  the 
representatives  of  the  larval  condition  of  Insects,  as  a  still  earlier 
embryonic  stage  of  the  Articulates. 

Indeed,  there  is  not  a  single  group  of  the  animal  kingdom  in 
which  embr3'ology  has  not  plaj-ed  a  most  important  part  in  demon- 
strating afiinities  little  suspected  before.  The  development  of  oar 
frogs,  our  salamanders,  has  given  us  the  key  to  much  that  was  un- 
explained in  the  history  of  Reptiles  and  Batrachians.  The  little 
that  has  been  done  in  the  embryology  of  Birds  has  revolutionized 
our  ideas  of  a  class  which  at  the  beginning  of  the  century  seemed 
to  be  the  most  natural!}'  circumscribed  of  all.  Embr3'ology  and 
paleontology  combined  have  led  to  the  recognition  of  a  natural 
classification  uniting  Birds  and  Reptiles  on  the  one  side  and  Ba 
trachians  and  Fishes  on  the  other.  It  is  to  embryology  that  we 
owe  the  explanation  of  the  affinities  of  the  old  Fishes  in  which 
Agassiz  first  recognized  the  similarity  to  the  embrj'o  of  Fishes  now 
living,  and  bj*  its  aid  we  may  hope  to  understand  the  relationship  of 
the  oldest  representatives  of  the  class.  It  has  given  us  the  only 
explanation  of  the  earl}'  appearance  of  the  Cartilaginous  Fishes, 
and  of  the  probable  fomiation  of  the  earliest  vertebrate  limb  from 
the  lateral  embryonic  fold,  still  to  be  traced  in  the  young  of  the 
Osseous  Fishes  of  to-day. 

Embryology  has  helped  us  to  understand  the  changes  aquatic 
animals  must  gradually  undergo  in  order  to  become  capable  of  liv- 
ing upon  dry  land.  It  has  given  us  pictures  of  swimming-bladders 
existing  as  rudimentar}-  lungs  in  Fishes  with  a  branchial  system  ;  in 
Batrachians  it  has  shown  us  the  persistence  of  a  branchial  system 
side  by  side  with  a  veritable  lung.  We  find  among  the  earliest 
teiTcstrial  Vertebrates,  types  having  manifest  affinities  with  the 
Fishes  on  one  side  and  Batrachians  on  the  other,  and  we  call  these 
types  Reptiles ;  but  we  should  nevertheless  do  so  with  a  reserva- 
tion, looking  to  embryology  for  the  true  meaning  of  these  half- 
fledged  Reptiles,  wliieh  lived  at  the  period  of  transition  between  an 
aquatic  and  a  terrestrial  life,  and  must  therefore  alwa^'s  retain  an 
unusual  importance  in  the  study  of  the  development  of  animal  life. 

When  we  come  to  the  embryolog}*  of  the  marine  Invertebrates, 
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the  history  of  the  development  of  the  barnacles  is  too  familiar  to 
be  dwelt  upon,  and  I  need  only  allude  to  the  well-known  trans* 
formations  of  the  Echinoderms,  of  the  Acalephs,  Polyps,  in  fact 
of  every  single  class  of  Invertebrates,  and  perhaps  in  none  more 
than  in  the  Brachiopods,  to  show  how  far-reaching  has  been  the  in- 
fluence of  embr3'olog3-in  guiding  us  to  a  correct  reading  df  the 
relations  between  the  fossils  of  successive  formations.  There  is 
scarcely  an  embrj-ological  monograph  now  published  dealing  with 
any  of  the  later  stages  of  growth  which  does  not  speak  of  their 
resemblance  to  some  type  of  the  group  long  ago  extinct.  It  has 
therefore  been  most  natural  to  combine  with  the  attempts  constantly 
made  to  establish  the  genetic  sequence  between  the  genera  of  suc- 
cessive formations,  an  effort  to  establish  also  a  correspondence 
between  their  paleontological  sequence  and  that  of  the  embrj'onic 
stages  of  development  of  the  same,  thus  extending  the  mere  simi- 
larity first  obser\*ed  between  certain  stages  to  a  far  broader  gen- 
eralization. 

It  would  carry  me  too  far  to  sketch  out,  except  in  a  most  general 
wa}',  even  for  a  single  class,  the  agi^eement  known  to  exist  in  cer- 
tain groups  between  their  embryonic  development  and  their  pale- 
ontological history.  It  is  hinted  at  in  the  succession  of  animal  life 
of  any  period  we  may  take  up,  and  perhaps  cannot  be  better  ex- 
pressed than  by  comparing  the  fauna  of  any  period  as  a  whole  with 
that  of  following  e[)ochs  ;  —  a  zoological  sj-stcm  of  the  Jura,  for  in- 
stance, compared  with  one  made  up  for  the  Cretaceous ;  next,  one 
for  the  Tertiar}',  compared  with  the  fauna  of  the  present  day.  In 
no  case  could  we  find  any  class  of  the  animal  kingdom  bearing 
the  same  definitions  or  characterized  in  the  same  manner.  But 
apply  to  this  comparison  the  data  obtained  from  the  embryological 
development  of  our  present  fauna,  and  what  a  flood  of  light  is 
thrown  uix)n  the  meaning  of  the  succession  of  these  apparently 
disconnected  animal  kingdoms,  belonging  to  different  geological 
periods,  espccialh*  in  connection  with  the  study  of  the  few  ancient 
tj'pes  which  have  sunived  to  the  present  day  fix)m  the  earliest 
times  in  the  history  of  our  earth ! 

Although  there  is  hardly  a  class  of  the  animal  kingdom  in  which 
some  most  interesting  parallelism  could  not  be  drawn,  and  while 
the  material  for  an  examination  of  this  parallelism  is  partially 
available  for  the  Fishes,  Mollusks,  Crustacea,  Corals,  and  Crinoids, 
yet  for  the  illustration  and  critical  examination  of  this  parallel- 
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ism  I  have  been  led  to  choose  to-day  a  very  limited  group,  that 
of  Sea-urchins,  both  on  account  of  the  nature  of  the  material  and 
of  my  own  familiarity  with  their  development  and  with  the  living 
and  extinct  species  of  Echini.  The  number  of  living  species  is  not 
very  great,  —  less  than  three  hundred,  —  and  the  number  of  fossil 
species  thus  far  known  is  not,  according  to  Zittel,  more  than  about 
two  thousand.  It  is  therefore  possible  for  a  specialist  to  know  of 
his  own  knowledge  the  greater  part  of  the  species  of  the  group.  It 
has  been  my  good  fortune  to  examine  all  but  a  few  of  the  species 
now  known  to  exist,  and  the  collections  to  which  I  have  had  access 
contain  representatives  of  the  majority  of  the  fossil  species.  Sea- 
urchins  are  found  in  the  oldest  fossiliferous  rocks ;  the}'  have  contin- 
ued to  exist  without  inteiTuption  in  all  the  strata  up  to  the  present 
time.  While  it  is  true  that  our  knowledge  of  the  Sea-urchins  oc- 
curring before  the  Jurassic  period  is  not  very  satisfactory,  it  is  jet 
complete  enough  for  the  purposes  of  the  present  essay,  as  it  will 
enable  me,  starting  from  the  Jurassic  period,  to  call  your  attention 
to  the  paleontological  history  of  the.  group,  and  to  compare  the 
succession  of  its  members  with  the  embryological  development  of 
the  types  now  living  in  our  seas.  Ample  material  for  making  this 
comparison  is  fortunately  at  hand ;  it  is  material  of  a  peculiar  kind, 
not  easily  obtained,  and  which  thus  far  has  not  greatl}'  attracted 
the  attention  of  zoologists. 

Interesting  and  important  as  are  the  earliest  stages  of  embryonic 
development  in  the  different  classes  of  the  animal  kingdom,  as 
bearing  upon  the  history  of  the  first  appearance  of  any  organ  and 
its  subsequent  modifications,  they  throw  but  little  light  on  the  subject 
before  us.  What  we  need  for  our  comparisons  are  the  various 
stages  of  growth  through  which  the  3'oung  Sea-urchins  of  dif- 
ferent families  pass  from  the  time  they  have  practically  become 
Sea-urchins  until  they  have  attained  the  stage  which  we  now  dig- 
nify with  the  name  of  species.  Few  embrjologists  have  earned 
their  investigations  into  the  more  extended  field  of  the  changes 
the  embryo  undei^oes  when  it  begins  to  be  recognized  as  belonging 
to  a  special  class,  and  when  the  knowledge  of  the  si>ecialist  la 
absolutel}"  needed  to  trace  the  bearing  of  the  changes  undergone, 
and  to  understand  their  full  meaning.  Fortunately  the  growth  of 
the  young  Echini  has  been  traced  in  a  sufficient  number  of  families 
to  enable  me  to  draw  the  parallelism  between  these  various  stages 
of  growth  and  the  paleontological  stages  in  a  ver}*  ditferent  man- 
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ner  fh)m  what  is  possible  in  other  groups  of  the  animal  kingdom, 
where  we  are  overwhelmed  with  the  number  of  species,  as  in  the 
Insects  or  Mollusks,  or  where  the  paleontological  or  the  embrjo- 
logical  terms  of  comparison  are  wanting  or  very  imperfect. 

Beginning  with  the  i)aleontological  history-  of  the  regular  Sea- 
urchins  at  the  time  of  the  Trias,  when  the}'  constituted  an  un- 
imix)rtant  group  as  comi)ared  with  tlie  Crinoids,  we  find  the  Echini 
of  that  time  limited  to  representatives  of  two  families.  One  of 
these,  the  genus  Cidaris,  has  continued  to  exist,  with  slight  modifi- 
cations, up  to  the  present  time,  and  not  less  than  one  tenth  of  all 
the  known  species  of  fossil  Echini  belong  to  this  important  genus, 
which  in  our  tropical  seas  is  still  a  prominent  one.  It  is  interest- 
ing here  to  note  that  in  the  Cidaridse  the  modifications  of  the  test 
are  not  striking,  and  the  fossil  genera  appearing  in  the  successive 
formations  are  distinguished  by  characters  which  often  leave  us  in 
doubt  as  to  the  genus  to  which  many  species  should  be  referred. 
In  the  genus  Rhabdocidaris,  which  appears  in  the  lower  Jura,  and 
which  is  mainly  characterized  by  the  extraordinary  development  of 
the  radioles,  we  find  the  extreme  of  the  variations  of  the  spines  in 
this  family.  From  that  time  to  the  present  day,  the  most  striking 
differences  have  existed  in  the  shape  of  the  spines,  not  only  of 
closely  allied  genera,  but  even  in  sp»ecimens  of  the  same  species ; 
differences  which  in  some  of  the  species  of  to-day  are  as  great  as 
in  older  geological  periods.  The  oldest  Cidaridae  are  remarkable 
for  their  narrow  poriferous  zones.  It  is  only  in  the  Jura  that  they 
widen  somewhat ;  subsequently'  the  pores  become  conjugated,  and 
only  later,  during  the  Cretaceous  period,  do  we  find  the  first  traces 
of  any  ornamentation  of  the  test  (Temnocidaris)  so  marked  at  the 
present  day  in  the  genus  Goniocidaris.  As  far,  then,  as  the  Cida- 
ridffi  are  concerned,  the  modifications  which  take  place  from  their 
earliest  appearance  are  restricted  to  slight  changes  in  the  poriferous 
zone  and  in  the  ornamentation  of  the  test,  accompanied  with  great 
variability  in  the  shape  of  the  primary  radioles.  We  must  except 
from  this  statement  the  genera  Diplocidaris  and  Tetraeidaris,  to 
which  I  shall  refer  again.  The  representatives  of  the  other  Triassic 
famil}'  become  extinct  in  the  lower  tertiaries.  The  oldest  genus, 
Ilemicidaris,  undoubtedh'  represents  the  earliest  deviations  from 
the  true  Cidaris  t}T)e  ;  modifications  which  affect  not  only  the  porif- 
erous zone,  but  the  test,  the  actinal  and  the  abactinal  systems, 
while  from  the  extent  of  these  minor  changes  we  can  trace  out  the 
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gradual  development  of  some  of  the  characteristics  in  families  of 
the  regular  Echini  now  living.  The  genus  Hemicidaris  may  be 
considered  as  a  Cidaris  in  which  the  poriferous  zone  is  narrow  and 
undulating,  in  which  the  granules  of  the  ambnlacral  system  have 
become  minute  tubercles  in  the  upper  portion  of  the  zone  and  snuiU 
primary  tubercles  in  its  actinal  region,  in  which  many  of  the  inter- 
ambulacral  granules  become  small  secondaries,  in  which  the  plates 
of  the  actinal  system  have  become  reduced  in  number,  and  the 
apical  system  has  become  a  narrow  ring,  and  finally  in  which  the 
primary  radioles  no  longer  assume  the  fantastic  shapes  so  common 
among  the  Cidaridse. 

We  can  trace  in  this  genus  the  origin  of  the  modifications  of  the 
poriferous  zone,  leading  us,  on  the  one  side,  through  genera  with 
merely  undulating  lines  of  pK)re8  to  more  or  less  distinct  confluent 
arcs  of.  pores,  formed  round  the  primar}*  ambulacral  tubercles,  and, . 
on  the  other,  to  the  formation  of  open  arcs  of  three  or  more  pairs 
of  pores.  The  first  type  culminates  at  the  present  day  with  the 
Arbaciadse,  the  other  with  the  Diadematidse,  Triplechinidse,  and 
Echinoraetradie.  This  8i>ecialization  very  early  takes  place,  for 
already  in  the  lower  Jura  Stomechinus  has  assumed  the  principal 
characteristics  of  the  Triplechiuidfle  of  to-day. 

Although  in  Hemicidaris  the  number  of  the  coronal  plates  has 
increased  as  compared  with  the  Cidaridse,  and  while  we  find  that 
in  many  genera,  even  of  those  of  the  present  da}',  the  number  of 
the  coronal  plates  is  still  comparatively  small,  3'et,  as  a  general 
rule,  the  more  recent  formations  contain  genera  in  which  the  increase 
in  number  of  the  interarabulacral  plates  is  accompanied  by  a  cor- 
responding decrease  in  the  number  of  plates  of  the  ambulaw^l 
area  so  characteristic  thus  far  of  the  Cidaridoe  and  Ilemicidaridae, 
a  change  also  affecting  the  size  of  the  primary  ambulacral  tuber- 
cles. This  increase  in  the  number  of  the  coronal  plates  is  like- 
wise accompanied  by  the  development  of  in^egular  secondary  and 
miliary  tubercles,  and  the  disappearance  in  this  group  of  the  granu- 
lar tul>erculation,  so  impoitant  a  character  in  the  Cidaridae.  With 
the  increase  in  the  number  of  the  interambulacral  coronal  plates, 
the  IV'udodiadematidae  still  retain  prominent  primary  tnbt^rcles, 
recalling  the  earlier  Hemieidaridae  and  Cidaridie,  and,  as  in  the 
Cidaridae  proper,  the  test  is  frequently  ornamented  by  deep  pits  or 
by  ridges  formed  by  the  junction  of  adjoining  tubercles.  The 
genital  ring  becomes  narrower,  and  the  tendency  to  the  special- 
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ization  of  one  of  its  plates,   the  madreix)rite,  more  and  more 
marked. 

With  the  appearance  of  Stomechinus,  the  Echinidae  proper  al- 
ready assume  in  the  Jura  the  open  arcs  of  pores,  the  large  num- 
ber of  coronal  interambulacral  plates,  the  specialization  of  the 
secondary  tubercles,  and  the  large  number  of  primarj'  tubercles  in 
each  plate.  With  the  appearance  of  Sphserechinus  in  the  early 
Tertiary  come  in  all  the  elements  for  the  greater  multiplication  of 
the  pairs  of  pores  in  the  arcs  of  the  poriferous  zones,  while  the 
gigantic  primary  spines  of  some  of  the  genera  (Heterocentrotus), 
and  the  small  number  of  primar}*  tubercles  are  sti'uctural  features 
which  had  completely  disappeared  in  the  group  preceding  the  Echi- 
uometradse,  to  which  they  appear  most  closely  allied. 

Going  back  again  to  the  HemicidaridflB,  it  requires  but  slight 
changes  to  pass  from  them  to  Acrosalenia  and  to  the  Saleniae 
proper;  the  latter  have  continued  to  the  present  da}',  and  have, 
like  the  Cidaridae,  retained  almost  unchanged  the  characters  of  the 
genera  which  preceded  them,  combined,  however,  with  a  few  Cida- 
ridian  and  Echinid  features  which  date  back  to  the  Triassic  period. 
We  can  thus  trace  the  modifications  which  have  taken  place  in  the 
poriferous  zone,  tlie  apical  and  actinal  S3stems,  the  coronal  plates, 
the  ambulacral  and  interambulacral  tubercles,  as  well  as  in  the 
radioles,  and  in  the  most  direct  manner  possible  indicate  the  origin 
of  the  peculiar  combination  of  structural  features  which  we  find  at 
any  geological  horizon.  On  taking  in  succession  the  modifications 
undergone  by  the  diflferent  parts  of  the  test,  we  can  trace  each 
one  singly,  without  the  endless  complication  of  combinations  which 
any  attempt  to  trace  the  whole  of  an}*  special  generic  combination 
would  imply. 

Leaving  out  of  the  question  for  the  moment  the  Palceohiuidffi, 
we  find  no  difficulty  in  tracing  the  history  of  the  characters  of  the 
genera  of  the  regular  Echini  which  have  existed  from  the  time  of 
the  Trias  and  are  now  living,  provided  we  take  up  each  character 
independently.  Nothing  can  be  more  direct  than  the  gradual  modi- 
fication of  the  simple,  barely  undulating  iK)riferous  zone,  made  up 
of  numerous  ambulacral  plates  covered  by  granules,  such  as  we 
find  it  among  the  Cidaridfe  of  the  Trias,  first  into  the  slightly  undu- 
lating poriferous  zone  of  the  Hemicidaridje,  next  into  the  indistinct 
arcs  of  pores  of  the  Pseudodiadematidae,  then  into  the  arcs  with  a 
limited  number  of  pores  of  the  Triplechinidae,  and  finally  to  the 
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pol3'poroiis  arcs  of  the  Echinometradfle.  What  can  be  more  direct 
than  the  gradual  modification  to  be  traced  in  the  development  of 
the  primary-  ambulacral  tubercles,  such  as  are  characteristic  of  the 
Echiuidse  of  the  present  day,  from  their  first  appearance  at  the  oral 
extremit}'  of  the  ambulacral  sj'stem  of  the  Ilcmicidaridae,  and  the 
increase  in  the  number  of  primar}'  interambulacral  tubercles,  acoom- 
panied  by  the  growth  of  secondaries  and  miliaries,  which  we  can 
trace  in  IJemicidaris,  Acrosalenia,  and  Stomechinus,  — the  increase 
in  number  of  the  primary  and  secondary'  tubercles  being  accompa- 
nied by  a  reduction  in  the  size  of  the  radioles  and  a  greater  uni- 
formity in  their  size  and  shape  ? 

But  while  these  modifications  take  place,  the  original  structural 
feature  may  be  retained  in  an  allied  group.  Thus  the  Cidaridse 
retain  unchanged  from  the  earliest  time  to  the  present  day  the  few 
primary  tubercles,  the  secondarj'  granules,  the  simple  poriferous 
zone,  the  imbricating  actinal  s^'stem,  and  the  few  coronal  plates, 
with  the  lai^e  apical  system  and  many-shaped  radioles ;  while  in 
the  SalenidsB  the  primary  interambulacral  tubercles,  the  secondary 
granuics,  the  radioles,  the  genital  ring,  are  recognized  features  of 
the  Cidaridse,  associated,  however,  with  an  Echinid  actinal  and  anal 
system,  Hemicidarid  primary  ambulacral  tubercles,  and  an  Echinid 
poriferous  zone.  In  the  same  way  in  the  DiadematidsB,  the  large 
primary  interambulacral  tubercles  are  Cidaridian  features,  while  the 
structure  of  the  ambulacral  tubercles  is  Hemicidaridian.  The  ex- 
istence of  two  kinds  of  spines  is  another  Cidaridian  feature,  while 
the  apical  and  actinal  S3'stems  have  become  modified  in  the  same 
direction  as  that  of  the  PichinidaB.  The  more  recent  the  genus,  the 
greater  is  the  difl3culty  of  tracing  in  a  direct  manner  the  origin  of 
any  one  structural  feature,  owing  to  the  difficult}'  of  disassociating 
structural  elements  characteristic  of  genera  which  may  be  derived 
from  totall}'  different  sources.  This  is  particularly  the  case  with 
genera  having  a  great  geological  age.  Man}-  of  them,  especially 
among  the  Spatangoids,  show  affinities  with  genera  following  them 
in  time,  to  be  explained  at  present  only  on  the  supposition  that, 
when  a  structural  feature  has  once  made  its  appearance,  it  may 
reappear  subsequently,  apparently  as  a  new  creation,  while  in  real- 
it}*  it  is  only  its  peculiar  combination  with  structural  features  with 
which  it  had  not  before  been  associated  (a  new  genus),  which  con- 
ceals in  that  instance  the  fact  of  its  previous  existence.  A  careful 
analysis,  not  only  of  the  genera  of  the  order,  but  sometimes  of  other 
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orders  which  have  preceded  this  oombination  in  time,  may  often 
reveal  the  elements  from  which  have  been  produced  apparently  un< 
intelligible  modifications. 

There  is,  however,  not  one  of  the  simple  structural  features  in 
the  few  tj'pes  of  the  Triassic  and  Liassic  Echini  from  which  we  can 
so  easily  trace  the  origin  of  the  structural  features  of  all  the  subse- 
quent Echinid  genera,  which  is  not  also  itself  continued  to  the 
present  day  in  some  generic  type  of  the  present  epoch,  fuUj-  as 
well  characterized  as  it  was  at  the  beginning.  In  fact,  the  very 
existence  to-day  of  these  earl}^  structural  features  seem  to  be  as 
positive  a  proof  of  the  unbroken  systematic  aifinity  between  the 
Echini  of  our  seas  and  those  of  the  Trias,  as  the  uninterrupted 
existence  of  the  genus  Pygaster  or  Cldaris  from  the  Lias  down  to 
the  present  epoch,  or  of  the  connection  of  many  of  the  genera  of 
the  Chalk  with  those  of  our  epoch  (Salenia,  C3'phosoma,  Psam- 
mechinus,  etc.). 

Passing  to  the  Clypeastridse,  we  find  there  as  among  the  Desmo- 
sticha  that  the  earliest  t3T)e,  Pj'gaster,  has  existed  from  the  Trias  to 
the  present  time ;  and  that,  while  we  can  readily  reconstruct,  on 
embryological  grounds,  the  modifications  the  earliest  Desmosticha* 
like  Echini  should  undergo  in  order  to  assume  the  stiiictural  fea- 
tures of  Pygaster,  yet  the  early  periods  in  which  the  precursors  of 
the  Echinoconidae  and  Clypeastridae  are  found  have  thus  far  not 
produced  the  genera  in  which  these  modifications  actually  take 
place.  But,  starting  from  Pygaster,  we  naturall}^  pass  to  Holec- 
typus,  to  Discoidea,  to  Conoclypus,  on  the  one  side,  while  on  the 
other,  from  Holectypus  to  Eehinocj'amus,  Sismondia,  Fibularia, 
and  Mortonia,  we  have  the  natural  sequence  of  the  characters  of 
the  existing  Echinanthidse,  Laganidse,  and  Scutellidse,  the  greater 
number  of  which  are  characteristic  of  the  present  epoch.  If  we 
were  to  take  in  turn  the  changes  undergone  in  the  arrangement  of 
the  i>lates  of  the  test,  as  we  pass  from  Pj'gaster  to  Holectypus, 
to  Echinoc3'amus,  and  the  Echinanthidse,  we  should  have  in  the 
genera  which  follow  each  other  in  the  paleontological  record  an  un- 
broken series  showing  exactl}'^  what  these  modifications  have  been. 
In  the  same  way,  the  modifications  of  the  abactinal  and  anal  s^'s- 
terns,  and  those  of  the  poriferous  zone,  can  equally  well  be  followed 
to  Echinocyamus,  and  thence  to  the  Clypeastridae  ;  while  a  similar 
sequence  in  the  modifications  of  these  structural  features  can  be 
followed  from  Mortonia  to  the  Scutellidse  of  the  present  period. 
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Passing  finally  to  the  Petalosticha,  we  find  no  difldculty  in  tracing 
theoretically  the  modifications  which  our  early  Echinoconidae  of 
the  Lias  should  primarily  undergo  previous  to  the  appearance  of 
Galeropygus.  The  similarity  of  the  early  Cassiduloid  and  Kchino- 
neoid  t3'pes  points  to  the  same  systematic  affinity,  and  perhaps 
even  to  a  direct  and  not  vcr^-  distant  relationship  with  the  Palse- 
chinidie.  For  if  we  anal3'ze  the  Echinothuriae  of  the  present  day, 
we  find  in  genera  like  Phormosoma  man}'  structural  features,  such 
as  the  shape  of  the  test,  the  character  of  the  spines,  the  structure 
of  the  apical  system,  that  of  the  poriferous  zone,  indicative  of 
possible  modifications  in  the  direction  of  Pygaster  or  of  Galerop3'- 
gus,  which  have  as  3-et  not  been  taken  into  account. 

Adopting  for  the  Petalosticha  the  same  method  of  tracing  the 
modifications  of  single  structural  features  in  their  paleontological 
succession,  we  trace  the  comparativel}'  little  modified  paleonto- 
logical history  of  the  Echinoneidce  of  the  present  da}-  from  the 
P3Tina  of  the  lower  Jura.  This,  in  its  turn,  has  been  preceded  b}' 
Hyl)oclypus  and  Galeropygus,  while  the  Echinolampadse  of  the 
present  day  date  back,  with  but  trifling  modifications,  to  the  Echi* 
nobrissns  of  the  Jura,  itself  preceded  by  Clypeus ;  and  the}-  have 
been  subject  onl3'  to  slight  generic  changes  since  that  time,  Echi- 
nobrissus  being  still  extant,  while  such  closel3'  allied  genera  as  Cato- 
P3'gus  and  Cassidulus  of  the  earlier  Cretaceous  are  still  represented 
at  the  present  da3' ;  the  modifications  taking  place  in  the  actinal 
system,  in  the  ambulacal  zones  of  the  Echinoconidae  and  of  the 
Echinolampadae  showing  the  closest  possible  S3'stematic  aflSnity  in 
these  families.  Starting  again  from  H3'boclypus,  with  its  elongate 
apical  S3'stem,  we  naturally  pass  to  Coll3Tites  and  the  strange  D3's- 
asteridae  forms  which  in  their  turn  are  closel}'  allied  to  the  Holas- 
teridae.  From  Ilolaster  on  the  one  side  and  from  Toxaster  on  the 
other,  we  find  an  unbroken  sequence  of  structural  characters  unit- 
ing the  successive  genera  of  Holasteridae,  such  as  Cardiaster,  OfiTas* 
ter,  Stenonia,  Ananch3'tes,  and  Asterostoma,  with  Paleopnenstes, 
Homolampas  and  the  Pourtalesiae  of  the  present  da\',  while  from 
the  genera  of  the  Toxasteiidae  we  naturalh'  pass  to  the  cretaceous 
Hemiaster ;  in  this  genus  and  the  subsequent  Micraster  we  find  all 
the  elements  necessary  for  the  modifications  which  appear  in  the 
Spatangiuae  from  the  time  of  the  Chalk  to  the  present  da}'.  These 
modifications  result  in  genera  in  which  we  trace  the  development  of 
the  fascicles,  of  the  actinal,  anal,  and  abactinal  plastrons,  of  the 
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beak,  the  formation  of  the  petaloid  ambulacra,  first  flash  with  the 
test,  and  little  by  little  changed  into  marsupial  pouches,  the  growth 
of  the  anterior  groove  and  the  manifold  modifications  of  the  am- 
bulacral  S3'stem  in  Spatangus,  Agassizia,  and  £chinocaixlium,  often 
recalling  in  some  of  its  features  structural  characters  of  families 
which  have  preceded  this  in  time. 

Apparentl}'  in  striking  contrast  with  the  Echini  of  the  secondary 
period  and  those  which  have  succeeded  them  stand  the  Paleozoic 
Echini ;  but  when  we  have  examined  the  embrj'^ology  of  Echini, 
we  shall  be  better  prepared  to  understand  their  structure  and  the 
afiSnities  of  the  Palsechinidae  with  the  Echini  of  the  present  day  and 
their  immediate  predecessors. 

Taking  up  now  the  embryological  development  of  the  several 
families  which  will  form  the  basis  of  our  comparisons,  beginning 
with  the  CidaridcB,  we  find  that  in  the  earliest  stages  they  very 
soon  assume  the  characters  of  the  adult,  the  changes  being  limited 
to  the  development  of  the  abactinal  system,  the  increase  in  number 
of  the  coronal  plates,  and  the  modifications  of  the  proportionally 
gigantic  primary  radioles. 

In  the  Diadematidae  the  changes  undergone  by  the  young  are 
limited  to  the  gradual  transformation  of  the  embrj'onic  spines  into 
those  which  characterize  the  famil}*,  to  the  changes  of  the  vertical 
row  of  pores  in  the  arabulacral  area  into  arcs  of  three  or  four  pairs 
of  pores,  and  to  the  specialization  of  the  actinal  and  abactinal 
systems. 

In  the  Arbaciadfle  the  young  stages  are  remarkable  for  the  prom- 
inent sculpture  of  the  test,  for  the  fiattened  spines,  for  their  simple 
poriferous  zone,  for  their  actinal  system,  and  for  their  genital  ring. 
The  anal  plates  appear  before  the  genital  ring. 

In  the  Echinometradae  tlie  young  thus  far  observed  are  character- 
ized by  the  small  number  of  their  primary  tubercles,  the  large  size  of 
the  spines,  the  simple  vertical  row  of  pores,  the  closing  of  the  anal 
ring  b}'  a  single  plate,  and  the  turban-shaped  outline  of  the  test. 
Little  b}'  little,  the  test  loses  with  increasing  age  this  Cidaris-like 
character ;  it  reminds  us,  from  the  increase  in  the  number  of  its 
plates,  more  of  Hemicidaris  ;  then,  with  their  still  greater  increase, 
of  the  Pseudodiadematidae ;  and,  finallj',  of  the  Echinometradae 
proper.  The  spines,  following  pari  passu  the  changes  of  the  test, 
lose  little  by  little  their  fantastic  embryonic,  or  rather  Cidaris-like 
appearance,  and  become  more  solid  and  shorter,  till  the}'  finally 
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assnme  the  delicately  fluted  stnictare  characteristic  of  the  Eehinome- 
tradse.  The  vertical  poriferoos  zone  is  firat  changed  into  a  series 
of  connected  vertical  ares,  which  become  disjointed,  and  form,  with 
increasing  age,  the  independent  ares  of  pores,  composed  of  three 
or  more  pairs  of  pores,  of  the  Echinometradse. 

In  the  Echinidae  pro|)cr  we  find  in  the  3*oung  stages  the  same 
unbroken  vertical  line  of  pores,  which  gradually  becomes  changed 
to  the  characteristic  generic  t}'pes.  We  find,  as  in  the  Echinome- 
tradie,  an  anal  system  closed  with  a  single  plate,  and  an  abactinal 
S3'stem  se]>arating  in  somewhat  more  advanced  stages  from  the 
coronal  plates  of  the  test.  This  is  as  yet  made  up  of  a  compara- 
tively small  number  of  plates,  carrying  but  few  large  primary  tu- 
bercles, with  fantastically  shaped  spines  entirely  out  of  proportion 
to  the  test,  but  which,  little  by  little,  with  the  increase  of  the  nnm** 
ber  of  coronal  plates,  the  addition  of  primary-  tubercles,  and  their 
proportional  decrease  in  size,  assume  more  and  more  the  structure 
of  the  genus  to  which  the  young  belongs.  Tiie  original  anal  plate 
is  gradually  lost  sight  of  from  the  increase  in  number  of  the  plates 
covering  the  anal  system,  and  it  is  only  among  the  Temnopleurida; 
that  this  anal  plate  remains  more  or  less  prominent  in  the  adult. 
In  the  Salenidae,  of  which  we  know  as  3'et  nothing  of  the  develop- 
ment, this  cmbr}'onic  plate  remains  permanently  a  prominent  struc- 
tural feature  of  the  apical  sj^stem.^ 

Among  the  Ch'peastroids  the  changes  of  form  the}'  undergo 
during  growth  are  most  instructive.  We  have  in  the  3'oung  Fibu- 
larinse  an  ovoid  test,  a  small  number  of  coronal  plates  surmounted 
by  few  and  large  primary  tubercles,  supi>ortin5  proportionaUy 
equally  large  primary  radioles,  simple  rectilinear  poriferous  zones, 
no  petaloid  ambulacra,  —  in  fact,  scarcely  one  of  the  features  we  are 
accustomed  to  associate  with  the  Clypeastroids  is  as  }'et  prominently 
developed.  But  rapidl}',  with  increasing  size,  the  nQml>er  of  pri- 
mary tubercles  increases,  the  spines  lose  their  disproportionate  size, 
the  pK>i*es  of  the  abactinal  region  become  crowded  and  elongate, 
and  a  rudimentary  petal  is  formed.  The  test  becomes  more  flat- 
tened, the  coronal  plates  increase  in  number,  and  it  would  be  im- 
possible to  recognize  in  the  3'oung  Echinoc3'amu8,  for  instance,  the 

^  The  young  of  the  following  genera  hare  sen'eil  as  a  basis  lor  the  preceding  ana)y'« 
sis  of  the  embryonic  stages  of  the  Desmosticha :  Cidaris,  Dorocidaris,  Goniocidaris, 
Arbacia,  P(>roi'idan9,  Strongi'locentrotus,  Echinometra,  Echinus^  Toxopneustes,  Hip* 
ponoe,  TeniDopleurus,  Temnechinus,  and  Trigonocidans. 
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adult  of  the  Cldaris-like  or  Ecbinometra-like  stages  of  fiie  Sea- 
urchin,  had  we  not  traced  them  step  by  step.  Most  interesting, 
also,  is  it  to  follow  the  migrations  of  the  anal  sjstem,  which,  to  a 
certain  extent,  may  be  said  to  retain  the  embryonic  features  of  the 
early  stages  of  all  Echinoderm  embr3'os,  in  being  placed  in  more  or 
less  close  proximity  to  the  actinostome.  What  has  taken  place  in 
the  growth  of  the  young  Echinocjamus  is  practically  repeated  for 
all  the  families  of  Clj'peastroids ;  a  young  Echinarachnius,  or 
Mellita,  or  Encope,  or  a  Clyi^easter  proper,  resembles  at  first  more 
an  Echinometra  than  a  Clj^Dcastroid  ;  they  all  have  simple  porifer- 
ous zones  and  spines  and  tubercles  out  of  all  proportion  to  the  size 
of  the  test.^ 

When  we  come  to  the  development  of  the  Cassiduloids,  we  find 
their  younger  stages  also  differing  greatly  from  the  adult.  Among 
the  Nucleolidae,  for  instance,  the  young  stages  have  as  yet  no  pet- 
als, but  only  simple  rectilinear  poriferous  zones.  They  are  ellipti- 
cal with  a  high  test,  with  a  single  large  primary'  tubercle  for  each 
plate,  and  a  simple  elliptical  actinostome,  without  anj'  trace  of  the 
typical  bourrelets  and  phyllodcs  so  characteristic  of  this  family. 
Very  early,  however,  this  condition  of  things  is  changed,  the  test 
soon  becomes  more  flattened,  the  petals  begin  to  form  as  they  do 
in  the  Clypeastroids,  and  we  can  soon  trace  the  rudiments  of  the 
peculiar  bourrelets  characteristic  of  the  familj',  accompanied  by  a 
rapid  increase  in  the  number  of  tubercles  and  in  that  of  the  coro- 
nal plates. 

Among  the  SpatangidaB  some  are  remarkable  in  their  adult  con- 
dition for  their  labiate  actinostome,  for  the  great  development 
of  the  petals,  for  the  presence  of  fascioles  surrounding  certain 
definite  areas,  for  the  small  size  of  the  tubercles,  the  general  uni- 
formity in  the  spines  of  the  test,  and  the  specialization  of  their 
anterior  and  posterior  regions.  On  examining  the  young  stages 
of  this  group  of  Spatangoids,  not  one  of  these  structural  fea- 
tures is  as  yet  developed.  The  actinostome  is  simple,  the  porif- 
erous zone  has  the  same  simple  structure  from  the  actinostome  to 
the  apex,  the  primary-  tubercles  are  large,  few  in  number,  sur- 
rounded bv  spines  which  would  more  readily  pass  as  the  spines  of 
Cidaridffi  than  of  Spatangoids.  The  fascioles  are  either  verj'  in- 
distinctly indicated,  or  else  the  special  lines  have  not  as  yet  made 

2  Among  the  Clypeastroids  I  have  examined  the  young  of  Echinocyamus,  Fibula- 
ria,  Mellita,  Laganum,  Echinarachnius,  Encope,  Clypeaster,  and  Echinanthus. 
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their  appearance ;  the  ambulacral  suckers  of  the  anterior  zone  are 
as  large  and  prominent  as  those  of  the  3'oung  stages  of  any  of  the 
regular  Echini.  It  is  only  little  by  little,  with  advancing  age,  that 
we  begin  to  see  signs  of  the  specialization  of  the  anterior  and  pos- 
terior parts  of  the  test,  that  we  find  the  characteristic  anal  or  lat- 
eral fascioles  making  their  appeamnce,  only  with  increasing  size 
that  the  spines  lose  their  Cidaris-like  appearance,  that  the  petals 
begin  to  be  formed,  and  that  the  simple  actinostome  develops  a 
prominent  posterior  lip.  In  the  genus  Hemiaster,  the  3*oung  stages 
are  specially  interesting,  as  long  before  the  appearance  of  the  pet- 
als, while  the  poriferous  zone  is  still  simple,  the  total  separation  of 
the  bivium  and  of  the  trivium  of  the  ambulacral  system,  so  charac- 
teristic of  the  earliest  Spatangoids  (the  Dysasteridae),  is  very 
apparent.* 

From  this  rapid  sketch  of  the  changes  of  growth  in  the  principal 
families  of  the  recent  Echini  we  can  now  indicate  the  transforma- 
tions of  a  more  general  character  through  which  the  groups  as  a 
whole  pass. 

In  the  first  place,  while  still  in  the  Pluteus  all  the  3'oung  Echini  are 
remarkable  for  the  small  number  of  coronal  plates,  and  for  the  ab- 
sence of  any  separation  between  the  actinal  and  abactinal  systems 
and  the  test  proper.  They  all  further  agree  in  the  large  size  of  the 
.primary  spines  of  the  test,  whether  it  be  the  young  of  a  Cidaris,  an 
Arbacia,  an  Echinus,  a  Clypeaster,  or  a  Spatangoid.  They  all  in 
their  3'^oungest  stages  have  simple  vertical  ambulacral  zones ;  be- 
3^ond  this,  we  find  as  changes  characteristic  of  some  of  the  Desmos- 
ticha,  the  specialization  of  the  actinal  S3stem  from  the  coronal 
plates,  the  formation  of  an  anal  system,  the  rapid  increase  in  the 
number  of  the  coronal  plates,  with  a  corresponding  increase  in  the 
number  of  the  spines  and  a  proportional  reduction  of  their  size,  the 
formation  of  an  abactinal  ring,  and  the  change  of  the  simple  verti- 
cal poriferous  zone  into  one  composed  of  independent  arcs. 

In  the  Spatangoids  and  ClyiJeastroids  we  find  common  to  both 
groups  the  shifting  of  the  anal  S3'stem  to  its  definite  place,  the  modi- 
fications of  the  abactinal  part  of  the  simple  ambulacral  S3'stem  in 
order  to  become  petaloid,  and  the  gradual  change  of  the  elliptical 
ovoid  test  of  the  3'oung  to  the  characteristic  generic  test,  acccm- 

•  For  this  sketch  of  the  embryology  of  the  Petalosticha  I  have  examined  the  yoiinc 
of  Echiuolampas,  Echinoneus,  Echinocardium,  Brissopsis,  Agassizia,  SpatanguB,  Bri»> 
,  and  Hemiaster. 
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panied  by  the  rapid  increase  in  the  number  of  the  primary  tu- 
bercles and  spines.  Finally  limited  to  the  Spatangoids  are  the 
changes  they  undergo  in  the  transfonnation  of  the  simple  actinos- 
tome  to  a  labiate  one,  the  specialization  of  the  anterior  and  pos- 
terior parts  of  the  test,  and  the  definite  formation  of  the  fasoioles. 

Comparing  this  embrj'onic  development  with  the  paleontological 
one,  we  find  a  remarkable  similarity  in  both,  and  in  a  general  way 
there  seems  to  be  a  parallelism  in  the  appearance  of  the  fossil  gen- 
era and  the  successive  stages  of  the  development  of  the  Echini  as 
we  have  traced  it. 

We  find  that  the  earlier  regular  Echini  all  have  more  or  less  a 
Cidaris-like  look,  — that  is,  thej'  are  Echini  with  few  coronal  plates, 
large  primary  tubercles,  with  radioles  of  a  corresponding  size ; 
that  it  is  only  somewhat  later  that  the  Diademopsidffi  make  their 
appearance,  which,  in  their  turn,  correspond  within  certain  limits 
to  the  modifications  we  have  traced  in  the  growth  of  the  young 
DiadematidflB  and  Arbaciadoe.  The  separation  of  the  actinal  sys- 
tem from  the  coronal  plates  has  been  effected.  The  poriferous 
zone  has  either  become  undulating,  or  forms  somewhat  indefinite 
open  arcs ;  we  find  in  all  the  genera  of  this  group  a  larger  number 
of  coronal  plates,  more  numerous  primaries,  the  granules  of  the 
Cidaridae  replaced  by  secondaries  and  miliaries,  and  traces  of  a 
Hemicidaris-like  stage  in  the  size  of  the  actinal  ambulacral  tu- 
bercles. 

Comparing  in  the  same  way  the  paleontological  development  of 
the  Echinidae  proper,  we  find  that,  on  the  whole,  they  agree  well 
with  the  changes  of  growth  we  can  still  follow  to-day  in  their  rep- 
resentatives, and  that,  as  we  approach  nearer  the  present  epoch, 
the  fossil  genera  more  and  more  assume  the  structural  features 
which  we  find  developed  last  among  the  Echinidee  of  the  present 
day.  Very  much  in  the  same  manner  as  a  3'oung  Echinus  devel- 
ops, they  lose,  little  by  little,  first  their  Cidaridian  aflSnities,  which 
become  more  and  more  indefinite,  next  their  Didematidian  afl3nities, 
if  I  may  so  call  the  j'oung  stages  to  which  they  are  most  closely 
allied,  and,  finally,  with  the  increase  in  the  number  of  the  coronal 
plates,  the  great  numerical  development  of  the  primary  tubercles 
and  spines,  and  that  of  the  secondaries  and  miliaries  which  we  can 
trace  in  the  fossil  Echini  of  the  Tertiaries,  we  pass  insensibly  into 
the  generic  t}'pes  characteristic  of  the  present  day. 

Although  we  know  nothing  of  the  embryology  of  the  Salenidse, 
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yet,  like  the  Cidaridse,  they  have  in  a  great  measure  remained  a 
persistent  type,  the  modifications  of  the  group  being  all  in  the  same 
direction  as  those  noticed  in  the  other  Desmosticha ;  a  greater  num« 
ber  of  coronal  plates,  the  development  of  secondaries  and  miliaries 
combined  with  a  specialization  of  the  actinal  system  not  found  in 
the  Cidaridffi. 

An  examination  of  the  succession  of  the  Echinoconidse  shows 
but  little  modification  from  the  earliest  types ;  the  changes,  how- 
ever, are  similar  to  those  undergone  by  the  Cl^'peastroids  and 
Petalosticha,  though  the}'  do  not  extend  to  modifications  of  the 
poriferous  zone,  but  are  mainly  changes  in  the  actinostome  and  in 
the  tuberculation.  In  fact,  the  group  of  Echinoconidae  seems  to 
hold  somewhat  the  same  relation  to  the  Cl^'peastroids  which  the 
Salenidae  hold  to  the  Cidaridae,  and  the  earliest  genus  of  the  group 
(Pygaster)  has  remained,  like  Cidaris,  a  persistent  type  to  the  pres- 
ent day. 

The  earliest  Clypeastroids  are  all  forms  which  resemble  the  Fibu- 
larina  and  the  genera  following  Echinocyamus  and  Fibularia  ;  they 
are  mainl}'  characterized  bj'  the  same  changes  which  an  Echina- 
rachnius  or  a  Mellita,  for  instance,  undergoes  as  it  passes  from 
its  Echinocyamus  stage  to  the  Laganum  or  Encope  stage.  The 
comparison  is  somewhat  more  complicated  when  we  come  to  the 
Cassi(hiloi(ld.  The  comparison  of  the  succession  of  genera  in  the 
different  families,  as  traced  in  the  Desmosticha  and  Chq^eastroids, 
is  made  difficult  from  the  persistency  of  the  t}'pes  preceding  the 
Echinoneidae  and  the  Echinolarapadx*,  which  have  remained  without 
important  modifications  from  the  time  of  the  lower  Cretaceous ; 
previous  to  that  time  the  modifications  of  the  Cassidulidae  are  found 
to  agree  with  the  changes  which  have  been  obsened  in  the  growth 
of  Echinolampas.  The  earl}-  genera,  like  Pygm-us,  have  many  of 
the  characteristics  of  the  test  of  the  young  Echinolampas.  The 
development  of  prominent  bouiTclets  and  of  the  floscelle  and  petals 
goes  on  side  by  side  with  that  of  genera  in  which  the  modification 
of  the  actinostome,  of  the  test,  and  of  the  petals  is  far  less  rapid, 
one  group  retaining  the  Echinoneus  features,  the  other  culminating 
in  the  Echinolampas  of  the  present  day,  and  having  likewise  a 
persistent  type,  Echinobrissus,  which  has  remained  with  its  main 
structural  features  unchanged  from  the  Jura  to  the  present  day. 
That  is,  we  find  genera  of  the  Cassidulidae  which  recall  the  early 
Echinoneus   stage  of  Echinolampas,   next  the   Caratomus   stage. 
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after  which  the  floscclle,  bourrelets,  and  petals  of  the  group  be- 
come more  prominent  features  of  the  succeeding  genera.  Accom- 
panying the  persistent  t^pe  Echinobrissus,  genera  appear  in  which 
either  the  bourrelets  or  petals  have  undergone  modifications  more 
extensive  than  those  of  the  same  parts  in  the  genera  of  the 
Echinoneus  or  Caratomus  t^pe. 

The  earliest  Spatangoids  belong  to  the  Djsasteridfle,  apparently 
an  aberrant  group,  but  which,  from  the  histor}^  of  the  J'oung  Hemi- 
aster,  we  now  know  to  be  a  strictly  embryonic  t^'pe,  which,  while 
it  thus  has  affinities  with  the  true  Spatangoids,  still  retains  fea- 
tures of  the  Cassidulidoe  in  the  mode  of  development  of  the  actino- 
stome  and  of  the  petals,  as  well  as  of  the  anal  system.  The  genera 
following  this  gi'oup,  Ilolaster  and  Toxaster,  can  be  well  com- 
pared, the  one  to  the  young  stages  of  Spatangus  proper  before  the 
appearance  of  the  petals,  when  the  ambulacra  are  flush  with  the 
test,  and  when  its  test  is  more  or  less  ovoid,  the  other  to  a  some- 
what more  advanced  stage,  when  the  petals  have  made  their  appear- 
ance as  semi-petals.  In  both  cases  the  actinostome  has  the  simple 
structure  characteristic  of  all  the  young  Spatangoids.  The  changes 
we  notice  in  the  genera  which  follow  them  lead  in  the  one  case 
through  very  slight  modifications  of  the  abactinal  sj'stem,  of  the 
anterior  and  posterior  extremities  of  the  test,  to  the  Ananchytid- 
like  Spatangoids  of  the  present  da}',  the  Pourtalesiae,  the  genus 
Holaster  itself  persisting  till  well  into  the  middle  of  the  Tertiary 
period ;  while  on  the  other  side  we  readily  recognize  in  the  Spa- 
tanginse  which  follow  Toxaster  (a  persistent  t^'pe  which  has  con- 
tinued as  Pala?06tonia  to  the  present  da}')  the  genera  which 
coiTesix)nd  to  the  young  stages  of  such  Spatangoids  as  Spatangus 
and  Brissopsis  of  the  present  day,  genera  which,  on  the  one  hand, 
lead  from  Ilemiaster  (itself  still  represented  in  the  present  epoch), 
through  stages  such  as  Cyclaster,  Peripneustes,  Brissus,  and  Schi- 
zaster,  and,  on  the  other,  through  Micraster  and  the  like,  to  the 
Spatangoids,  in  which  the  development  of  the  anal  plastron  and 
fasciole  performs  an  important  part,  while  in  the  former  group  the 
development  of  the  peripetalous  fasciole  and  of  the  lateral  fasciole 
can  be  followed.  None  of  the  genera  of  Petalosticha  belonging  to 
the  other  groups  develop  any  fasciole  in  the  sense  of  circumscrib- 
ing a  limited  area  of  the  test. 

The  comparison  of  the  genera  of  Echini  which  have  appeared 
since  the  Lias  with   the  3'oung  stages  of  growth  of  the  principal 
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families  of  Echini,  shows  a  most  striking  coincidence  amounting 
ahnost  to  identity  between  the  successiTC  fossil  genera  and  the  va- 
rious stages  of  growth.  This  identity  can,  however,  not  be  traced 
exactly  in  the  way  in  which  it  has  usually  been  understood,  while 
there  undoubtedly  exists  in  the  genera  which  have  appeared  one 
after  the  other  a  gradual  increase  in  certain  families  in  the  number 
of  forms,  and  a  constant  approach  in  each  succeeding  formation,  in 
the  structure  of  the  genera,  to  those  of  the  present  da}'.  It  is  only 
in  the  accordance  between  some  special  points  of  structure  of  these 
genera  and  the  young  stages  of  the  Echini  of  the  present  day  that 
we  can  trace  an  agreement  which,  as-  we  go  further  back  in  time, 
becomes  more  and  more  limited.  We  are  either  compelled  to  seek 
for  the  origin  of  many  structural  features  in  tyj^es  of  which  we 
have  no  record,  or  else  we  must  attempt  to  find  them  existing  po- 
tentially in  groups  where  we  hud  as  yet  not  succeeded  in  tracing 
them.  The  parallelism  we  have  traced  does  not  extend  to  the 
structure  as  a  whole.  What  we  find  is  the  appearance  among  the 
fossil  genera  of  certain  structural  features  giving  to  the  particular 
stages  we  are  comparing  their  characteristic  aspect.  Thus,  in  the 
succession  of  the  fossil  genera,  when  a  structural  feature  has  once 
made  its  appearance,  it  ma}'  either  remain  as  a  persistent  structure, 
or  it  may  become  gradually  modified  in  the  succeeding  genera  of  the 
same  family,  or  it  may  appear  in  another  family,  associated  with 
other  more  marked  structural  features  which  completely  over- 
shadow it.  Take,  for  instance,  among  the  Desmosticha  the  modi- 
fications of  the  poriferous  zone  of  the  actinal  and  abaetinal  sy-stems 
of  the  coronal  plates,  of  the  ambulacral  and  intcrambulacral  sys- 
tems, the  changes  in  the  relative  proportion  of  the  primary  tuber- 
cles, and  the  development  of  the  secondaries.  These  are  all 
structural  features  which  are  modified  independently  one  of  the 
other ;  we  may  find  simultaneous  development  of  these  features  in 
parallel  lines,  but  a  very  different  degree  of  development  of  any 
s|)ecial  feature  in  separate  families. 

This  is  as  plainly  shown  in  the  embryological  as  in  the  paleon- 
tological  development.  In  the  Cidaridae  thci*e  is  the  minimum  of 
specialization  in  these  structural  features.  In  the  Diademopsidae 
there  is  a  greater  range  in  the  diversity  of  the  structure  of  the 
poriferous  zone  and  of  the  coronal  plates,  as  well  as  of  the  actinal 
system.  There  is  a  still  greater  range  among  the  Echinidse,  while 
among  the  Salenidae  the  modifications,  as  compared  to  those  of  the 
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Echinidae  and  Diademopsidse,  are  somewhat  limited  again,  being 
restricted  as  far  as  relates  to  the  poriferous  zone  and  coronal  plates, 
but  specialized  as  far  as  the  actinal  system  is  concerned,  and  spe- 
cially important  with  reference  to  the  structure  of  the  apical  sys- 
tem. The  special  lines  in  which  these  modifications  take  place 
produce,  of  course,  all  possible  combinations,  yet  they  give  us  the 
key  to  the  sudden  appearance,  as  it  were,  of  structural  features  of 
which  the  relationship  must  be  sought  in  very  distantl}*  related 
groups.  It  is  to  this  specialt}'  in  the  paleontological  development 
that  we  must  trace,  for  instance,  the  Cidarid  affinities  of  the  Sale- 
niae,  their  papillfe,  the  existence  of  few  large  pdmarj*  interambula- 
cral  tubercles,  the  structure  of  their  apical  s^'stem,  and  their  large 
genital  plates  ;  while  it  is  to  their  affinities  with  the  Hemicidaridae 
that  we  must  refer  the  presence  of  the  few  larger  primary  ambula- 
cral  tubercles  at  the  base  of  the  ambulacral  area,  and  by  their 
Diademopsid  and  Echinidian  affinities  that  we  explain  the  indented 
imbricated  actinal  system  with  the  presence  of  a  few  genuine  mili- 
aries.  But  all  the  structural  features  which  characterize  the  ear- 
liest types  of  the  Desmostieha  can  in  reality  be  traced,  only  in  a 
somewhat  rudimentarj-  form,  even  in  the  Cidaridse.  The  slight 
undulation  of  the  closely  packed,  nearly  vertical  poriferous  zone  is 
the  forerunner  of  the  poriferous  zone  first  separated  into  vertical 
arcs  and  then  into  independent  arcs.  The  limitation  in  the  number 
of  the  rows  of  granules  in  the  ambulacral  zone,  and  their  increase 
in  size,  is  the  first  trace  of  the  appearance  of  the  somewhat  larger 
primary  ambuhicral  tubercles  of  the  HemicidaridoB  and  Saleniae. 
The  existence  of  the  smooth  cylindrical  spines  of  the  abactinal 
region  of  the  test  naturally  leads  to  similar  spines  covering  the 
whole  test  in  the  other  families  of  the  Desmostieha.  The  differ- 
ence existing  in  the  plates  covering  the  actinal  S3'stem  from  those 
of  the  coronal  plates  leads  to  the  great  distinction  between  the 
structure  of  the  actinal  system  and  of  the  coronal  plates  in  some  of 
the  Eehinidce. 

Passing  to  the  Clj'peastridae  and  Petalosticha,  we  trace  a  paral- 
lelism of  the  same  kind,  and  readil}'  follow  in  the  successive  gen- 
era of  fossil  Ch^peastroids,  but  often  in  widely  separated  genera, 
the  precise  modifications  which  the  poriferous  zone  has  undergone 
as  it  first  becomes  known  to  us  in  Echinoc3'amus  and  Fibularia,  and 
as  we  find  it  in  the  most  complicated  petaloid  stage  of  the  Clype- 
astroids  of  the  present  day.     We  readily  trace  the  changes  the  test 
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undergoes  from  its  comparatively  ovoid  and  swollen  shape  to  assume 
first  that  of  the  less  gibbous  forms,  next  that  of  the  Laganidse,  and 
finally  of  the  flat  Scutellidse ;  while  we  trace  in  the  Echinanthidse  the 
persistent  structural  features  of  some  of  the  earliest  Cl3'peastroids, 
together  with  an  excessive  modification  of  the  poriferous  zone. 
Likewise  for  the  Echinoconidae  we  trace  mainly  the  slight  modifica- 
tions of  the  poriferous  zone  and  of  the  coronal  plates,  and  finally, 
when  we  come  to  the  Spatangidae  we  find  no  difficulty  in  tracing 
from  the  most  Desmostichoid  of  the  Spatangoid  genera,  the  modifica- 
tions of  a  test  in  which  the  ambulacral  and  interambulacral  areas  are 
made  up  of  plates  of  neai*ly  uniform  size,  in  which  the  anterior  and 
posterior  extremities  are  barely  specialized,  to  the  most  typical  of 
the  Ananchj'tidae,  in  which  the  anterior  and  posterior  extremities 
have  developed  the  most  opposite  and  extraordinary  structural 
features.  In  a  similar  way  we  can  trace  among  the  fossil  genera  of 
different  families  the  gradual  development  of  the  actinal  plastron 
from  its  very  earliest  appearance  as  a  modification  of  the  posterior 
interambulacral  area  of  the  actinal  side,  or  the  growth  of  the  pos- 
terior beak  into  an  anal  snout,  the  successive  changes  of  the  anal 
groove,  the  formation  of  the  actinal  labium,  or  the  development  of 
the  bourrelets  and  phyllodes  from  a  simple  circular  actinostome,  the 
gradual  deepening  of  the  slight  anterior  groove  of  some  earty  Spa- 
tangoid to  form  the  deeply  sunken  actinal  groove.  Equally  well  we 
can  trace  the  modifications  of  the  ambulacral  sj'stem  as  it  passes 
from  the  simple  poriferous  zones  of  the  earlier  Spatangoids  to  gen- 
era in  which  the  petaliferous  portion  makes  its  appearance,  and 
finally  becomes  the  specialized  structure  of  our  recent  Spatangoid 
genera,  such  as  Schizaster,  Moira,  and  the  like.  Finally',  we 
can  trace  to  a  certain  extent  the  development  of  the  fascioles  on 
one  side  from  genera  like  Hemiaster,  in  which  the  peripetalous  fas- 
ciole  is  prominent,  to  genera  like  Brissopsis,  Brissus,  and  the  like, 
of  the  present  day ;  on  the  other,  perhaps,  or  in  both  combined, 
the  formation  of  a  lateral  and  anal  faseiole  from  genera  like  Mi- 
craster  in  Spatangus  and  Agassizia.  Thus  we  must,  on  the  same 
theor}'  of  the  independent  modifications  of  special  structural  fea- 
tures, trace  the  many  and  complicated  affinities  which  so  constantly 
strike  us  in  making  comparative  studies,  and  which  render  it  im- 
possible for  us  to  express  the  manifold  affinities  we  notice,  without 
taking  up  separately'  each  special  structure.  Any  attempt  to  take 
up  a  combination  of  characters,  or  a  system  of  combinations,  is 
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sure  to  lead  us  to  indefinite  problems  far  beyond  our  power  to 
grasp. 

In  the  oldest  fossil  Cl^'peastroids  and  Petalosticha,  as  well  as  in 
the  Desmosticha,  we  also  find  the  potential  expression  of  the 
greater  number  of  the  modifications  subsequently  carried  out  in 
genera  of  later  date.  The  semipetaloid  structure  of  some  of  the 
earlier  genera  of  Spatangoids,  the  slight  modifications  of  some  of 
the  plates  of  the  actinal  side  near  the  actinostome,  are  the  precur- 
sors, the  one  of  the  highly  complicated  petaloid  ambulacra  of  the 
recent  Spatangoids,  the  other  of  the  actinal  plastron,  leading  as  it 
does  also  to  the  important  differences  subsequentl}^  developed  in 
the  anterior  and  posterior  extremities  of  the  test,  as  well  as  to  the 
modifications  which  lead  to  the  existence  of  a  highly  labiate  acti- 
nostome. The  appearance  of  a  few  miliaries  near  the  actinostome 
constitutes  the  first  rudimentary  bourrelets. 

Going  back  now  to  the  Paloechinidse,  the  earliest  representatives 
of  the  Echini  in  palaeozoic  times,  without  any  attempt  to  trace  the 
descent  of  any  special  type  from  them,  we  may  perhaps  find  some 
clew  to  the  probable  modifications  of  their  principal  structural  fea- 
tures preparator}'  to  their  gradual  disappearance.  In  the  structure 
of  the  coronal  plates,  the  specialization  of  the  actinal  and  abacti- 
nal  systems,  the  conditions  of  the  ambulacral  system,  we  must 
compare  them  to  stages  in  the  embryonic  development  of  our  recent 
Echini  with  which  we  find  no  analogues  in  the  fossil  Echini  of  the 
Lias  and  the  subsequent  formations.  In  order  to  make  our  paral- 
lelism, we  must  go  back  to  a  stage  in  the  embryonic  history  of  the 
30ung  Echini  in  which  the  distinction  to  be  made  between  the  am- 
bulacral and  interambulacral  sj'stems  is  ver}'  indefinite,  in  which 
the  apical  system  is,  it  is  true,  specialized,  but  in  which  the  actinal 
system  remains  i)racticall3'  a  part  of  the  coronal  system.  But  hero 
the  comparison  ceases,  and,  although  we  can  trace  in  the  paleon to- 
logical  development  of  such  tn^es  as  Archasocidaris  or  Bothrioci- 
daris  modifications  which  would  lead  us  without  great  difficult}',  on 
the  one  side  to  the  Cidaridae,  and  on  the  other  to  the  Echinothurifle 
and  Diadomatida3  of  the  present  day,  we  cannot  fail  to  see  most 
definite  indications  in  some  of  the  structural  features  of  the  Palae- 
chinidae  of  characteristics  which  we  have  been  accustomed  to  asso- 
ciate with  higher  groups.  The  minute  tuberculation,  for  instance, 
of  the  Clypeastroids  and  Spatangoids,  already  existing  in  the  Melo- 
nitidae,  the  genital  ring,  and  anal  system,  are  quite  as  much  Echinid 
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as  Cidarid.  The  pol^porous  genera  of  the  group  represent  to  a 
certain  extent  the  pol^-pori  of  the  regular  Echmi,  and  the  lapping 
of  the  actinal  plates  of  the  CidaridBe  and  of  the  coronal  plates  in 
some  of  the  Diadematidse,  as  well  as  the  existence  of  such  genera 
as  Tetracidaris,  of  four  interambulacral  plates  in  Astrop3'ga,  and 
of  a  large  number  of  ambulacral  platos  in  some  of  the  recent 
Echinometradae,  all  these  are  Palaechinid  characters  which  we  can 
explain  on  the  theory  of  the  independent  development  of  the  struc- 
tural features  of  which  they  are  modifications.  We  should,  how- 
ever, remember,  that  the  existence  of  a  large  number  of  coronal 
plates,  especially  interambulacral  plates,  in  the  Palsechinidse,  is  a 
mere  vegetative  character,  which  they  hold  in  common  with  all  the 
Crinoids,  —  a  character  which  is  reduced  to  a  minimum  among  the 
Holothurians,  and  still  persists  in  full  force  among  the  Pentacnni 
of  the  present  da}',  as  well  as  the  Astroph3'tid8e  and  Echinidae. 

It  would  lead  me  too  far  to  institute  the  same  comparison  be- 
tween the  embryonic  stages  of  the  different  orders  of  Echinoderms 
and  their  earliest  fossil  representatives.  We  may,  however,  in  a 
ver}*  general  wa}',  state  that  we  know  the  earliest  embryonic  stages 
of  the  orders  of  Echinoderms  of  to-day, which,  with  the  exception 
of  the  Blastoidea  and  C^'stideans,  are  identical  with  the  fossil  or- 
ders, and  that  as  far  as  we  know  the}*  all  begin  at  a  stage  where  it 
would  be  impossible  to  distinguish  a  Sea-urchin  from  a  Star-fish, 
or  an  Ophiuran,  or  aCrinoid,  or  an  Holothurian,  —  a  stage  in  which 
the  test,  calyx,  abactinal  and  ambulacral  systems  are  reduced  to 
a  minimum.  From  this  identical  origin  there  is  developed  at  the 
present  da}',  in  a  comparatively  short  period  of  time,  either  a  Star- 
fish, a  Sea-urchin,  or  a  Crinoid ;  and  if  we  have  been  able  success- 
fully to  compare,  in  the  development  of  typical  structures,  the 
embryonic  stages  of  the  young  Echini  with  their  development  in 
the  fossil  genera,  we  ma}'  fairly  assume  that  the  same  process  is 
applicable  when  instituting  the  comparison  within  the  different  lim- 
its of  the  orders,  but  with  the  same  restrictions.  That  is,  if  we 
wish  to  form  some  idea  of  the  probable  course  of  transformations 
which  the  earliest  Echinoderms  have  undergone  to  lead  us  to  those 
of  the  present  day,  we  are  justified  in  seeking  for  our  earliest  rep- 
resentatives of  the  orders  such  Echinoderms  as  resemble  the  early 
stages  of  our  embryos,  and  in  following,  for  them  as  for  the  Echini, 
the  modifications  of  typical  structures.  These  we  shall  have  every 
reason  to  expect  to  find  repeated  in  the  fossils  of  later  periods,  and, 
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going  back  a  step  further,  we  may  perhaps  get  an  indefinite 
glimpse  of  that  first  Echiuodermal  stage  which  should  combine  the 
structural  features  common  to  all  the  earliest  stages  of  our  Echino- 
derm  embr^'os. 

And  3'et,  among  the  fossil  Echinoderms  of  the  oldest  periods,  we 
have  not  as  j^et  discovered  this  earliest  tj'pe  from  which  we  could 
derive  either  the  Star-fishes,  Ophiurans,  Sea-urchins,  or  Holothu- 
rians.  With  the  exception  of  the  latter,  which  we  can  leave  out  of 
the  question  at  present,  we  find  all  the  ordera  of  Echinoderms  ap- 
pearing at  the  same  time.  But  while  this  is  the  case,  one  of  the 
groups  attained  in  these  earliest  days  a  prominence  which  it 
gradually  loses  with  the  corresponding  development  of  the  Star- 
fishes, Ophiurans,  and  Sea-urchins,  it  has  steadily  declined  in 
importance ;  it  is  a  type  of  Crinoids,  the  Cystideans  which  cul- 
minated during  Paleozoic  times,  and  completely  disappeared  long 
before  the  present  daj'.  If  we  compare  the  early  tjpes  of  Cys- 
tideans to  the  t3pical  embrj'onic  Echiuodermal  tyi>e  of  the  pre- 
sent da}',  we  find  they  have  a  general  resemblance,  and  that  the 
Cystideans  and  Blastoids  represent  among  the  fossil  Echinoderms 
the  nearest  approach  we  have  3*et  discovered  to  this  imaginary  pro- 
totype of  Echinoderms. 

This  ma}'  not  seem  a  very  satisfactory  result  to  have  attained. 
It  certainly  has  been  shown  to  be  an  impossibility  to  trace  in  the 
paleontological  succession  of  the  Echini  anything  like  a  sequence  of 
genera.  No  direct  filiation  can  be  shown  to  exist,  and  yet  the  very 
existence  of  persistent  types,  not  only  among  Echinoderms,  but 
in  every  group  of  marine  animals,  genera  which  have  continued  to 
exist  without  interruption  from  the  earliest  epochs  at  which  they 
occur  to  the  present  day,  would  prove  conclusively  that  at  any  rate 
some  groups  among  the  marine  animals  of  the  present  day  are  the 
direct  descendants  of  those  of  the  earliest  geological  periods. 
When  we  come  to  types  which  have  not  continued  as  long,  but 
yet  which  have  extended  through  two  or  three  great  periods,  we 
must  likewise  accord  to  their  latest  representatives  a  direct  descent 
from  the  older.  The  very  fact  that  the  ocean  basins  date  back  to 
the  earliest  geological  periods,  and  have  aflbrded  to  the  marine 
animals  the  conditions  most  favorable  to  an  unbroken  continuity 
under  slightly  varying  circumstances,  probably  accounts  for  the 
great  range  in  time  during  which  many  genera  of  Echini  have  ex- 
isted.    If  we  examine   the  interlacing  in  the  succession  of  the 
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genera  characteristic  of  later  geological  epochs,  we  find  it  an  im- 
possibilit}'  to  deny  their  continuit}^  from  the  time  of  the  Lias  to  the 
present  da}'.  The  Cidaris  of  the  Lias  and  the  Rhabdocidaris  of 
the  Jura  are  the  ancestors  of  the  Cidaris  of  to-da}'.  The  SalenisB 
of  the  lower  Chalk  are  those  of  the  Saleniae  of  to-day.  Acrosalenia 
extends  from  the  Lias  to  the  lower  Cretaceous,  with  a  number  of 
recent  genera,  which  begin  at  the  Eocene.  The  Pjgaster  of  to- 
day dates  back  to  the  Lias  ;  Echinoc3'amus  and  Fibularia  commence 
with  the  Chalk.  Pynna  extends  from  the  lower  Jura  through  the 
Eocene.  The  Echinobrissus  of  to-day  dates  back  to  the  Jura. 
Holaster  lived  from  the  lower  Chalk  to  the  Miocene,  and  the 
Hemiaster  of  to-day  cannot  be  distinguished  from  the  Hemiaster 
of  the  lower  Cretaceous. 

Such  descent  we  can  trace,  and  trace  as  confidentl}'  as  we  trace 
a  part  of  the  population  of  North  America  of  to-daj'  as  the  de- 
scendants of  some  portion  of  the  population  of  the  beginning  of 
this  centur}'.  But  we  can  go  no  further  with  confidence,  and  bold 
indeed  would  he  be  who  would  attempt  even  in  a  single  State  to  trace 
the  genealogy  of  the  inhabitants  from  those  of  ten  years  before. 
We  had  better  acknowledge  our  inability  to  go  be\ond  a  certain 
point ;  anything  beyond  the  general  parallelism  I  have  attempted 
to  trace,  which  in  no  way  invalidates  the  other  proposition,  we 
must  recognize  as  hopeless. 

But  iu  s})ite  of  ^he  limits  which  have  been  assigned  to  this  geii- 
oral  parallelism,  it  still  remains  an  all-essential  factor  in  elucidating 
the  history  of  paleontological  development,  and  its  importance  has 
but  recentl}'  been  fully  appreciated.  For,  while  the  fossil  remains 
may  give  us  a  strong  presumptive  evidence  of  the  gradual  passage 
of  one  type  to  another,  we  can  only  imagine  this  modification  to 
take  place  by  a  process  similar  to  that  which  brings  about  the  modifi- 
cations due  to  different  stagee  of  growth,  —  the  former  taking  place 
in  what  may  practically  be  considered  as  infinite  time  when  com 
pared  to  the  short  life  history  which  has  given  us  as  it  were  a 
resume  of  the  paleontological  development.  We  may  well  pause 
to  reflect  that  in  the  two  modes  of  development  we  find  the  same 
periods  of  rapid  modifications  occurring  at  certain  stages  of  growth 
or  of  historic  development,  repeating  in  a  different  direction  the 
same  phases.  Does  it  then  pass  the  limits  of  analog}'  to  assume 
that  the  changes  we  see  taking  place  under  our  own  eyes  in  a  com- 
paratively short  space  of  time,  —  changes  which  extend  from  stages 
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representing  perhaps  the  original  type  of  the  group  to  their  most 
complicated  stmctures, — may,  perhaps,  in  the  larger  field  of 
paleontological  development,  not  have  required  the  infinite  time 
we  are  in  the  habit  of  asking  for  them  ? 

Paleontologists  have  not  been  slow  in  following  out  this  suggest- 
ive track,  and  those  who  have  been  anatomists  and  embr^'ologists 
besides  have  not  only  entered  into  most  interesting  speculations 
regarding  the  origin  of  certain  groups,  but  they  have  carried  on  the 
process  still  further,  and  have  given  us  genealogical  trees  where  we 
maj',  in  the  twigs  and  branches  and  main  limbs  and  tnmk,  trace 
the  complete  filiation  of  a  group  as  we  know  it  to-da}',  and  as 
it  must  theoreticall}'  have  existed  at  various  times  to  its  ver}'  be- 
ginning. While  we  cannot  but  admire  the  boldness  and  ingenuit}' 
of  these  speculations  upon  genetic  connection  so  recklessly  launched 
during  the  last  fifteen  jears,  we  find  that  with  but  few  exceptions 
there  is  little  to  recommend  in  reconstructions  which  shoot  so  wide 
of  the  facts  as  far  as  they  are  known,  and  seem  so  readily  to  ignore 
them.  The  moment  we  leave  out  of  sight  the  actual  succession  of 
the  fossils  and  the  ascertainable  facts  of  postembr3'onic  develop- 
ment, to  recoustnict  our  genealogy,  we  are  building  in  the  au*. 
Ordinarily,  the  twigs  of  any  genealogical  tree  have  only  a  sem- 
blance of  truth  ;  they  lead  us  to  branchlets  having  but  a  slight  trace 
of  probability,  to  l>ranches  where  the  imagination  plays  an  im- 
portant part,  to  main  limbs  where  it  is  finally  allowed  full  play,  in 
order  to  solve  with  the  trunk,  to  the  satisfaction  of  the  writer  at 
least,  the  riddle  of  the  origin  of  the  group.  It  seems  hardly  credi- 
ble that  a  school  which  boasts  for  its  very  creed  a  belief  in 
nothing  which  is  not  waiTanted  by  common  sense  should  descend 
to  such  trifling. 

The  time  for  genealogical  trees  is  passed ;  its  futility  can,  per- 
haps, best  be  shown  b}'  a  simple  calculation,  which  will  point  out  at 
a  glance  what  these  scientific  arboriculturists  are  attempting. 
Let  us  take,  for  instance,  the  ten  most  characteristic  features  of 
Echini.  The  number  of  possible  combinations  which  can  be  pro- 
duced from  them  is  so  great  that  it  would  take  no  less  than  twenty 
3'ears,  at  the  rate  of  one  new  combination  a  minute  for  ten  hours  a 
da}',  to  pass  them  in  review.  Remembering  now  that  each  one  of 
these  points  of  structure  is  itself  undergoing  constant  modifica- 
tions, wc  may  get  some  idea  of  the  nature  of  the  problem  we  are 
attempting  to  solve,  when  seeking  to  trace  the  genealogy  as  under- 
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stood  by  the  makers  of  genealogical  trees.    On  the  other  hand,  in 
spite  of  the  millions  of  possible  combinations  which  these  ten  char- 
acters may  assume  when  affecting  not  simply  a  single  combination, 
but  all  the  combinations  which  might  arise  from  their  extending 
over  several  hundred  species,  we  3'et  find  that  the  combinations 
which  actually  exist  —  those  which  leave  their  traces  as  fossils  — 
fall  immensely  short  of  the  possible  number.     We  have,  as  I  have 
stated,  not  more  than  twenty- three  hundred  species  actually  repre- 
senting for  the  Echini  the  results  of  these  endless  combinations. 
Is  it  astonishing,  therefore,  that  we  should  fail  to  discover  the 
sequence  of  the  genera,  even  if  the  genera,  as  is  so  often  the  case, 
represent,  as  it  were,  fixed  embr^'onic  stages  of  some  Sea-urchin 
of  the  present  day  ?    In  fact,  does  not  the  very  history  of  the  fos- 
sils themselves  show  that  we  cannot  expect  this  ?    Each  fossil  spe- 
cies, during  its  development,   must  have  passed  through  stages    4 
analogous  to  those  gone  through  b}'  the  Echini  of  the  present  day.     . 
Each  one  of  these  stages  at  every  moment  represents  one  of  the^ 
possible  combinations,  and  those  which  are  actually  preserved  cor-  — 
respond  only  to  the  particular  period  and  the  special  combinatioi 
which  any  Sea-urchin  has  reached.     These  stages  are   the  tni( 
missing  links,  which  we  can  no  more  expect  to  find  preserved 
we  can  expect  to  find  a  record  of  the  actual  embrj-onic  develop-^ 
ment  of  the  species  of  the  present  da}'  without  direct  observation^ 
at  the  time.     The  actual  number  of  species  in  any  one  group  mac 
always  fall  far  short  of  the  possible  number,  and  for  this  reason 
is  out  of  the  question  for  us  to  attempt  the  solution  of  the  problei 
of  deiivation,  or  to  hope  for  any  solution  be^'ond  one  within  tl 
most  indefinite  limits  of  correctness.     If,  when  we  take  one  of 
most  limited  of  the  groups  of  the  animal  kingdom,  we  find  ourselv* 
engaged  in  a  hopeless  task,  what  must  be  the  prospect  should 
attack  the  problem  of  other  classes  or  groups  of  the  animal  kii 
dom,  where  the  species  nm  into  the  thousands,  while  they  nuxnl 
only  tens  in  the  case  we  have  attempted  to  follow  out?    Shall     -^^ 
say  '' ignorabimus,"   or   "  impavidi  progrediamus "  and  valiftc^t/f 
chase  a  i)hantom  we  can  never  hope  to  seize  ? 
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Ok  the  Progress  of  Geological  Investigation  in  New  Bruns- 
wick, 1870-1880.    By  L.  W.  Bailey,  of  Fredericton,  N.  B. 

To  the  student  of  the  physical  geography  and  geology  of  east- 
ern America,  I  need  scarcely  say  that  the  Province  of  New 
Brunswick  possesses  features  of  peculiar  interest.  Lying  along 
the  western  border  of  the  great  St.  Lawrence  Gulf,  and  including 
the  larger  part  of  the  great  Acadian  basin  now  above  the  sea 
level,  it  well  exhibits  in  its  different  portions  the  peculiarities  of 
that  basin,  and  in  the  features  of  its  rock-formations,  the  more 
prominent  phases  of  its  history.  Adjoining  also  the  extensive 
ntetamorphic  tract  of  New  England,  from  which  spurs  of  highly 
crystalline  rocks  traverse  portions  of  its  area,  it  at  the  same  time 
differs  from  the  latter  in  being  in  general  less  profoundly  altered, 
and  in  containing  a  much  larger  number  of  fossiliferous  formations 
as  horizons  for  its  study.  In  this  way  it  becomes,  to  a  certain 
extent,  a  key  to  the  geology  of  northeastern  America,  and  as 
such,  acquires  a  general  as  well  as  a  local  interest. 

At  the  meeting  of  the  Association  in  Salem,  a  little  more  than 
ten  years  ago,  I  had  the  honor  of  bringing  before  your  notice,  in 
connection  with  Mr.  G.  F.  Matthew,  of  St.  John,  a  paper  upon 
this  subject  with  special  reference  to  its  bearing  upon  the  geology 
of  eastern  Maine.  I  now  propose  to  summarize  briefly  the  results, 
obtained  for  the  most  part  in  connection  with  the  work  of  the 
Geological  Survey  of  Canada,  accomplished  during  the  last  decade 
—  so  far,  at  least,  as  these  tend  to  confirm  or  to  modify  the  views 
then  advanced. 

A  very  considerable  portion  of  the  work  of  the  geological  staff, 
in  the  interval  referred  to,  has  been  topographical,  embracing  more 
exact  measurements  and  delineations  of  the  several  formations. 
The  results  of  this  work,  as  well  as  the  views  now  entertained  as 
to  the  geological  structure  of  the  region,  are  roughly  represented 
upon  the  accompanying  map,  and  more  accurately  upon  a  series 
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of  maps  now  being  issued  from  the  office  of  the  geological  survey, 
of  which  these  are  proofs. 

Pre-Silurian. 

Beginning  with  the  older  formation^,  we  have  found  no  reason 
to  depart  from  the  view  first  advanced  by  us,  that,  beneath 
the  fossiliferous  rocks  of  the  St.  John  or  Acadian  Group,  there 
exist  two,  if  not  three  distinct  formations,  equivalent  in  part,  at 
least,  to  the  so-called  Laurentian  and  Huronian  formations  in 
other  parts  of  Canada.  It  has  been  objected  that  this  reference 
has  been  based  upon  the  wholly  valueless  ground  of  lithological 
characteristics,  and  that  the  strata  in  question,  being  destitute  of 
fossils,  may  even  be  Silurian  ;  but  such  objection  entirely  ignores 
the  fact  that,  accompanying  such  differences  of  lithological  char- 
acters, there  is,  at  the  same  time,  the  most  marked  evidence  of 
unconformability.  A  study  of  the  Primordial  rocks  east  of  St. 
John,  in  1879,  placed  this  point  beyond  question,  they  having  been 
then  found  by  me  to  occupy  irregular  troughs  in  the  older  Pre- 
Silurian  rocks,  resting  sometimes  upon  one  and  sometimes  upr>n 
another  of  the  subdivisions  of  the  latter,  crossing  their  strike 
obliquel}^  and  having  at  their  base  coarse  conglomerates  made  up 
of  the  waste  of  the  underlying  formations.  The  latter  being  thus 
unquestionably  of  Pre-Silurian  age,  it  is  equally  obvious  that  in 
their  vast  thickness,  in  the  markedly  different  conditions  under 
which  their  several  divisions  were  accumulated,  and  finally  in  the 
further  unconformability  indicated  between  these  divisions,  they 
represent  a  vast  interval  of  time,  and  are  at  least  as  old  as  the 
Huronian  and  portions  of  the  Laurentian  system,  which  in  all 
their  ph^'sical  characters  they  so  nearly  resemble.  No  more 
marked  coordination  of  distant  formations  could  be  desired  than 
is  here  furnished  between  the  great  mass  of  coarse  gneisses  at  the 
base  of  the  series,  associated  with  finer  gneisses,  quartzites, 
graphitic  and  serpentinous  limestones  and  dolomites  (the  probable 
equivalents  of  the  Hastings'  series  of  Mr.  Vennor),  and  capped 
by  the  great  volcanic  series  of  the  Huronian,  with  its  petrosilicious 
and  felsitic  strata,  ash-rocks  and  agglomerates,  the  whole  uncon- 
formably  traversed  by  bands  of  the  lowest  Cambro-Silurian,  and 
the  similar  succession  observed  about  Lake  Huron  and  elsewhere. 

I  have  only  to  add  that  these  Pre-Silurian  rocks,  as  represented 
upon  the  maps,  are  confined  wholly  to  the  region  of  the  southern 


BY    L.    W.    BAILEY.  417 

tnctninorpliic  hills,  notliinj^  of  equivalent  age  or  character  having 
3ot  boon  identified  in  the  more  central  and  northern  portions  of 
the  Province. 

It  should  l)e  added  in  this  connection  that  in  the  rocks  here 
assigned  to  the  Iluronian,  there  are  as  a  whole  two  well-marked 
divisions,  the  lower  (or  Coldhrook  group)  consisting  almost 
entirely  of  fine  grained  fclsitic  strata,  with  diorites,  amygdaloids 
and  porphyries,  and  the  upper  (or  Coastal  group)  of  scliistose 
rocks,  often  talcoid  or  nacreous,  with  conglomerates  and  lime- 
stones and  holding  ores  of  copper,  and  that  between  the  two  there 
is  not  unfrequently  evidence  of  at  least  a  partial  unconrorm:dulily, 
but  in  general  their  relations  to  each  other  are  nnu-h  more  intimate 
than  are  their  relations  either  to  the  underlying  Laurentian,  or  to 
the  Primordial  strata  which  overlie  them. 

Lower  Silurian. 

Apart  from  the  fossiliferous  Primordial  or  Menevian  beds  of 
St.  John,  to  which  allusion  has  been  made,  and  of  which,  since 
1870,  no  less  than  four  parallel  belts  have  been  recognized  and 
mapped,  reference  may  here  be  made  to  the  probable  age  of  some 
of  the  great  belts  of  slaty  and  associated  rocks  which,  in  the  year 
referred  to,  were  still  involved  in  obscurity.  Of  these,  one,  locally 
known  as  the  Kingston  group,  and  consisting  chiefly  of  felspathic 
and  hornblendic  rocks,  but  which,  from  the  intimate  association 
therewith  of  fossiliferous  Upper  Silurian  strata,  was  thought  to 
belong  to  the  latter  formation,  has  been  definitely  shown  to  be 
older,  embracing  at  the  same  time  two  members,  of  which  the 
lower,  as  originally  described,  is  Iluronian,  and  the  upper,  com- 
posed largely  of  slates,  Lower  Silurian.  A  second  group,  which 
has  been  the  subject  of  much  discussion,  and  upon  which  much 
uncertainty  even  now  exists,  is  that  of  the  great  belt  of  slate 
rocks  which  occupies  the  interval  between  the  granite  hills  of  the 
Nerepis  range,  and  the  southern  margin  of  the  great  central  coal- 
field. Among  these  rocks  two  prominent  divisions  may  be  dis- 
tinguished, of  which  the  one,  and  older,  is  usuall}^  of  a  dark  color, 
and  more  or  less  highly  crystalline  (embracing  fine-grained 
gneisses,  micaceous  quartzites  and  mica  slates,  with  staurolites, 
andalusites  and  garnets),  while  the  upper  is  pale  green,  calcareous 
and  argillaceous,  but  little  altered,  and  the  mica,  though  abundant, 
only  in  the  form  of  scattered  scales.     No  evidence  of  uncouform- 
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ability  between  these  two  divisions  could  be  detected  througbont 
the  extensive  area  in  which  they  occur,  while  the  metamorphism 
of  the  lower  beds  seemed  to  be  connected  with  and  proportionate 
to  the  proximity  of  the  granitic  ridges  upon  and  around  which 
thej'  were  found  to  rei)ose.  At  several  points  in  connection  with 
the  lower  beds,  fossiliferous  strata,  pronounced  by  Mr.  Billings  to 
occupy  an  horizon  near  the  junction  of  the  Upper  Silurian  and 
Devonian,  were  found,  while  in  the  upper,  obscure  remains  of  plants 
were  met  with  by  Mr.  Matthew,  which  in  their  outline  recalled 
some  of  the  characteristic  ferns  of  the  rich  Devonian  plant  beds 
of  St.  John.  For  these  reasons,  in  the  paper  submitted  to  the 
Association  at  Salem,  in  18C9,  the  term  Siluro-Devonian  was 
applied  to  the  first  described  group  and  that  of  Devonian  to  the 
second,  while  some  speculations  based  thereon  were  offered  as  to 
the  age  of  the  granites  and  associated  slates  which  form  so  striking 
a  feature  in  the  geology  of  the  central  portion  of  the  Province  and 
of  eastern  Maine. 

Since  the  date  of  the  meeting  referred  to,  though  much  attention 
has  been  devoted  to  the  subject,  no  more  definite  data  as  to  the 
age  of  these  argillites  in  southern  New  Brunswick  has  been  ob* 
tained,  their  highly  disturbed  condition  favoring  the  occurrence  of 
faults,  and  their  obscure  bedding*  making  the  stud}'  of  their  strat- 
igraphy extremely  difllcult ;  while  through  far  the  greater  part  of 
the  beds,  there  appears  to  be  an  entire  absence  of  organic  remains. 
Some  observations,  however,  made  during  the  last  two  seasons, 
partly  by  Mr.  Matthew  and  partly  b}'  myself,  on  the  resembling 
bands  of  rock  which  traverse  the  more  central  i>ortions  of  the 
Province,  farther  north,  have  afforded  some  facts  which,  thoagh 
not  yet  fully  worked  out,  promise  to  throw  some  important  light 
upon  the  question  under  discussion. 

The  metamorphic  tract  bounding  the  great  central  triangular 
coal-basin  of  the  Province  on  the  north,  like  that  to  the  south, 
consists  essentially  of  an  axis  of  granitic  rock,  varying  from  ten 
to  twelve  miles  in  breadth,  which  upon  either  side  is  flanked  by 
highly  disturbed  seilimentary  beds,  of  which  the  great  bulk  in 
each  case  arc  argillites,  of  various  degrees  of  coarseness.  Between 
these  two  sets  of  flankins:  strata,  some  very  noticeable  diifei^ences 
may  be  observed  :  for  while,  along  the  southern  side  of  the  granitic 
mass,  no  rocks  are  seen  other  than  simple  slates  and  sandstones, 
in  repeated  alternations,  and  these,  even  within  a  few  yards  of  the 
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granite,  retain  their  features  unaltered  ;  on  the  northern  side,  there 
is  interposed,  between  the  latter  and  the  corresponding  slates  and 
sandstones  of  Woodstock,  a  wide  belt  of  highly  crystallized  sed- 
iments, consisting  of  fine  grained  gneisses  and  qiiartzites,  with 
micaceous,  chloritic  and  hornblendic  schists ;  while  along  the  axes 
of  the  parallel  folds  into  which  the  slates  are  thrown,  are  found 
considerable  bands  of  other  hornblendic  rocks,  such  asdiorites  and 
amygdaloids,  which  at  times  graduate  into  true  syenites.  These 
crj'stalliuc  strata  arc  also  highly  calcareous  and  at  some  points 
contain  considerable  deposits  of  limestone,  while  the  slat}'  and 
arenaceous  beds  are  almost  entirely  destitute  of  this  material.  It 
is  thus  probable  that  somewhat  lower  beds  are  exposed  upon  the 
northern  than  upon  the  southern  side  of  the  granitic  axis,  but  a 
careful  study  of  both  leaves  little  doubt  that,  as  a  whole,  they  are 
the  same  series,  while  the  resemblance  of  both  to  the  dark  argillite 
series  of  the  southern  counties  is  most  strikin&c.  Admitting:  their 
identity  —  and  the  resemblance  can  be  traced  even  to  the  most 
minute  particulars  —  we  have  in  this  central  area,  as  in  that  to  the 
south,  two  essentially  distinct  slaty  groups,  of  which  the  dark 
colored  and  more  or  less  altered  strata  last  described  are  one,  and 
the  second  a  series  of  finer  slates,  of  paler  color  and  highly  calca- 
reous, with  onl}^  scattered  scales  of  mica,  occupying  much  of  the 
countiy  north  of  the  Woodstock  Branch  Railway.  Neither  of 
these  two  groups  has  yet  been  worked  out  in  detail,  but  from  such 
observations  as  have  been  made,  it  is  thought  probable  that  the 
uppermost  group  will  be  found  to  be  continuous  with  the  great 
area  of  Upper  Silurian  rocks  known  to  occupy  the  northern  portion 
of  the  county  of  Carleton,  while  the  lower  is  an  unconformable 
series,  representing  some  portion  of  the  Lower  Silurian  formation. 
In  this  connection  it  is  interesting  to  notice  that  in  the  north- 
eastern part  of  the  same  county,  and  in  a  position  corresponding 
to  the  trend  of  the  beds  now  described,  Mr.  Matthew  has  recently 
succeeded  in  recognizing  two  unconformable  series  both  containing 
graptolltes  and  other  fossils,  and  which  seem  to  furnish  strong 
corroboration  of  the  conclusions  referred  to.  It  may  be  added 
that  the  character  of  a  portion  of  these  fossils,  together  with  the 
occurrence  with  the  argillites  of  the  upper  series  of  considerable 
deposits  of  iron  ore,  render  it  probable  that  they  are  in  part  the 
representatives  of  the  Clinton  group  of  the  New  York  series, 
while  the  lower  beds,  as  has  been  long  supposed,  are  the  probable 
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equivalents  of  the  Quebec  group  and  Taconic  rocks  of  western 
New  England.  Should  these  views  be  confirmed  by  further  inves- 
tigation, the  general  structure  of  this  region  will  be  not  unlike 
that  recently  described  by  Principal  Dawson  in  connection  with 
the  fossiliferous  iron  ores  of  Pictou,  Nova  Scotia. 

Granites,  etc. 

In  this  connection  it  is  interesting  to  notice  the  peculiar  and 
often  very  different  relations  in  which  the  sedimentary  beds,  which 
have  been  described,  stand  to  the  granitic  and  other  ciystalline 
rocks  with  which  they  are  associateil.  It  has  already  been  stated 
that  while,  on  the  southern  side  of  tlic  main  granitic  axis,  the  tiank* 
ing  strata  even  in  close  proximity  to  the  latter  show  little  evidence 
of  alteration,  those  upon  the  north  are  but  little  less  crystalline 
than  the  granite  itself;  but  it  may  now  l>e  added  that  this  difference 
is  accompanied  by  another  which  is  ecjually  striking,  viz.,  that 
while  along  the  one  the  line  of  contact,  where  visible,  is  regulai 
and  uniform,  on  the  other  it  is  characterized  by  extreme  complex- 
it3^  veins  from  the  granitic  mass,  of  all  sizes  and  shapes  and  of 
the  most  irregular  description,  penetrating  the  schistose  rocks  in 
all  directions,  while  not  uurre(|iiently  numerous  blocks,  or  what 
api)ear  to  have  been  detached  masses  of  gueiss  or  sandstone,  are 
completely  surrounded  by  or  eml)edded  in  the  granite  in  such  a 
wav  as  to  look  like  a  coarse  conurlomerate.     Notwiihstandiniir  this 
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intimate  association,  however,  it  is  curious  to  observe  that  each 
rock  commonly  preserves  its  peculiar  features  unaltered,  the  eon- 
tacts  being  sharp  and  abrupt,  while  the  stratification,  the  texture 
and  even  the  color  of  the  enclosed  masses  have  been  entirelv 
unatlected.  While  such  facts  point  conclusively  to  an  intrusive 
or  exotic  origin  for  these  granitic  bands,  as  well  as  to  the  very 
slight  elevation  of  temi)erature  which  must  have  accompanied 
their  formation,  an  equally  marked  but  very  dill'erent  mode  of 
occurrence  is  found  to  [)revail  in  the  case  of  the  dioritic  and  syen- 
itic  rocks  which  accompany  the  slates  and  sandstones  farther  north. 
These  are  equally  crystalline,  hut  while  containing  hornblende  in 
the  [)lace  of  mica,  and  often  large  quantities  of  e[)idote,  they 
appear  to  be  only  a  more  highly  altered  form  of  the  associated 
sedimentary  beds,  these  latter  consisting  chielly  of  bedded  ash- 
rocks,  felsites,   amygdaloids,  etc.,  passing   by  regular   but  very 
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gradual  gradations  into  typical  syenites.  In  neither  case  is  any 
countenance  given  to  the  view  that  these  great  bands  of  crvstalline 
rocks,  which  traverse  the  whole  breadth  of  the  Province,  and 
extend  to  the  westward  throngh  a  hirge  part  of  the  State  of  Maine, 
are  of  Lauren tian  age  or  of  greater  antiquity  than  that  of  the 
stratified  formations  with  which  they  are  associated. 

Upper  Silukian. 

Of  the  Upper  Sihu'ian  formation,  it  is  only  further  necoRsary  to 

sny,  in  the  present  connection,  that,  in  addition  to  the  areas  abcady 

referred  to,  this  age  can  now  be  definitely  assigned  to  the  very 

leraarkable  group  of  rocks  surrounding  Passamaquoddy  Bay,  and 

"^liich  include  the  peculiar  oilhophyres  or  felspar-porphyries  of 

East  port  and  Pembroke,  Me.,  these  latter  having  been  found  to 

rest  directly  and  almost  horizontally  upon  a  series  of  fossiliforous 

sandstones,  identical  with  those  which  at  tlie  last-named  locality 

bave  been  long  known  to  contain  a  rich  Upper  Silurian  fauna. 

Another  instance  of  the  difficulty  of  distinguishing  tlie  rocks  of 

Ibis  most  variable  formation  is  to  l>e  found  in  the  occurrence,  first 

observed  by  Mr.  Matthew,  of  corals  and  other  Silurian   organic 

teiiiains  on  the  Long  Reach  of  the  St.  John  River,  in  amygdnloidal 

ash-rocks,  which  are  undistinguishable  lithologically  from  those  of 

the  Ilnionian  formation,  and  which,  like  those  of  Passamaquoddy 

Bay,  had  previously  been  referred  to  this  horizon. 

Of  the  later  formations  of  the  Devonian,  Carboniferous  and  Tri- 
assic,  it  is  sufl3cient  to  say  that  much  detailed  work  has  been 
devoted  to  each,  the  results  of  which  are  fully  set  forth  in  the 
published  reports  of  the  Canadian  Survey,  but  none  of  thesc^  are  of 
Bnch  general  interest  as  to  require  more  particular  reference  here. 
^^ishoiKjd  that  the  geological  map,  now  upon  the  point  of  being 

• 

issued,  will  awaken  renewed  interest  in  the  structure  of  our  great 
eastern  geological  basin,  and  lead  to  its  closer  correlation  with 
that  of  the  west. 
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The  Cupriferous  Series  in  Minnesota.     By  N.  H.  Wikchell, 
of  Minneapolis,  Minn. 

The  red  shales  and  sandstones  intcrstratified  with  the  igneous 
rocks  of  the  cupriferous  series  along  the  shore  of  Lalve  Sui^erior 
in  Minnesota,  show  various  stages  and  kinds  of  metamorphism. 
While  in  some  places,  as  at  Good  Harbor  ha}',  they  are  not  much 
changed  by  contact  with  the  igneous  layers  separating  them,  in 
other  places  they  show  a  broken  stratification,  and  a  tough  and 
siliceous  texture,  as  at  Tischcr's,  near  Duluth,  where  these  beds 
are  finely  and  angularly  jointed,  have  a  red  color  and  sometimes 
a  jaspery  or  conchoidal  fracture.  In  other  places  they  take  on  a 
dull  brown  color,  passing  to  a  greenish-brown,  becoming  slaty 
and  firm,  or  when  in  close  proximity  to  igneous  dikes,  becoming 
black,  dense  and  basaltiform,  as  at  points  east  of  Grand  Marais. 
In  the  segregation  of  minerals,  the  first  to  appear  are  calcite  and 
laumontite.  These  are  disseminated  with  varying  abundance 
through  the  shaly  layers,  as  well  as  through  the  aluminous  and 
red  conglomerates,  as  seen  at  the  mouth  of  the  Manitou  river  and 
at  numerous  other  places.  They  gather  in  seams,  or  in  certain 
parts  of  the  mass,  or  in  the  form  of  amygdules  throughout  the 
thickness  of  the  exix>sed  la3'ers.  This  formation  of  laumontitic 
amygdaloids  is  particularly  noticeable  in  those  layers  whose 
thickness  is  from  a  foot  or  two  to  twenty-five  or  thirty  feet,  and 
sometimes  several  may  be  seen  alternating  in  the  same  bluff,  or 
in  a  few  roils  along  the  shore,  with  beds  of  undoubted  doleritic 
rock,  as  on  the  west  coast  of  Agate  bay,  where  may  be  seen  five 
layers  of  igneous  rock  with  four  alternating  layers  of  crumbling, 
thin-bedded  laumontitic  amygdaloid,  styled  *'  volcanic  grits"  by 
Norwood. 

These  amygdaloids  are  very  susceptible  to  the  destroying  action 
of  the  waves  and  of  the  atmosphere,  and  their  disintegration  is 
the  immediate  cause  of  many  of  the  purgatories  and  isolated 
arched  beds  of  traprock  that  ornament  the  north  shore  of  lake 
Superior. 

When  the  source  and  supply  of  the  heat  were  more  continuous, 
involving  greater  thicknesses  of  the  sedimentary  beds,  the  siliceous 
material  was  more  thoroughly  fused  and  disseminated  among  the 
other  elements.      The  more  limited  supply  of  air  and  water  at 
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these  greater  depths  seems  to  have  pi*oc1iice<1,  at  least  is  coinci- 
dent with,  a  greater  abundance  of  felspathic   material,  instead 
of  calcite  and  the  hydrous  zeolites,  throughout  the  sedimentary 
layers.     Thus  the  whole  is  sometimes  changed  to  a  non-differ- 
entiated ferruginous  felsite.     When  the   process   M^as   carried  a 
little  farther,  crystals  of  red  orthoclasc  appear  in  the  mass,  or  of 
orthoclase  in  the  form  of  translucent  adularia,  as  in  the  rock  of 
the  "  great  palisades.'*      Wiien  the  metamorphism  is  carried  still 
farther,  involving  in  its  slower  progress  large  thicknesses  of  the 
red   sedimentary    shales   and    sandstones,   they   become    almost 
wholly  crystalline,  as  seen  in  the  red  bluff  that  incloses  Beaver 
bay  on  the  west,  and  in  the  red  granite   bluff  a  few  miles  east  of 
Beaver   ba}'.     The   relationships   of  these  changes  with  one  an- 
other, and  to  the  igneous  rock,  are  evident  at  numerous  places 
along  the  shore  between  Duluth  and  Grand  Portage,  and  on  Isle 
Royale  ;  and  their  significance  and  application  to  the  stratigraphic 
geology  of  the  northeastern   part  of  the  state  are  very  important. 
On  passing  inland  from  the  lake  shore  back  of  Grand  Marais,  and 
up  the  DeviTs  Track  antl  Brule  rivers,  the  red  scmi-metamorphic 
slates  of  the  shore  can  be  followed  over  a  wide  extent  of  territor}', 
gradually  becoming  more  changed  and  crystalline,  in  receding 
from  the  lake  shore.   Thc}'^  pass  into  red  granite  and  gneiss  (horn- 
blendic)  which  rises  in  conspicuous  hills,  and  shows  per[)endicular 
exposures  along  the  lakes  and  streams,  sometimes  several  hun- 
dred feet  high,  as  at  Brule  mountain,  and  at  Misquah  lake  (T. 
64.1  W.,  Sec.  32).     In  some  places  this  highly  crystalline  con- 
dition  of  this   red  formation  is  seen  to  give  place  suddenly  to 
areas  of  igneous  rock  of  a  dark  color,  and  showing  a  very  dif- 
ferent mineral  composition,  and  then  to  return  again.     This  takes 
place  sometimes  on  the  high  hills,  the  two  kinds  of  rock  alter- 
nating  superficially   in   irregular  patches,  as  at  Duluth,  and  at 
Duck  lake  and   Frog  Rock  river  on  the  portage  trail  from  Little 
Saganaga  lake  to  the  head  waters  of  the  Temperance  rtver,  in  the 
northeastern  corner  of  the  state.      Sometimes  the  tilted  red  sedi- 
mentary beds  seem  to  be  overlain  by  the  igneous  rock  and  some- 
tmies  underlain  by  it,  the  red  rock,  when  consisting  of  sandstone 
at  first,  having  been  hardened  into  a  quartzite.     Several  tilted  red 
quartzitc  hills,  very  similar  to  the  quartzite  hills  at  New  Ulm, 
and  in  Cottonwood  and  Rock  counties,  occur  in  this  connection  at 
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Duck  and  Wind  lakes,  their  relation  to  the  igneous  rocks  being 
most  perfectly  exemplified.  Sometimes  this  red  quartzite  be- 
comes micaceous  and  also  felsitlc,  as  may  be  seen  at  Wind  lake. 
The  great  extent  and  the  more  intense  metamorphism  of  this  red 
formation,  in  the  country  lying  to  the  north  and  west  of  Lake 
Superior,  accompanied  by  larger  belts  of  the  igneous  rock,  more 
coarsely  crystalline,  not  only  show  that  the  seat  and  source  of 
the  igneous  action  was  there  instead  of  in  the  basin  of  the  lake, 
but  also  that  it  was  longer  continued.  It  implies  also,  that  a 
similar  modification  of  these  beds  may  be  looked  for  throughout 
the  northwest,  wherever  the  formation  is  known  to  have  been  up- 
heaved by  igneous  forces,  although  the  igneous  rock  itself  may 
be  wanting. 

Northwest  of  Lake  Superior  the  igneous  rock  forms  the  main 
"watersheds,  rising  iu  two  main  ridges,  or  ranges  of  mountains,  that 
run  southwestwardly,  one  known  as  the  Mesahi^  and  one  as  the 
Sawteeth  mountains^  though  the  former  term  is  not  restricted  to 
this  belt  of  high  land.  The  width  of  the  belt  of  mctamorphic 
red  shales  and  sandrock,  associated  with  the  igneous  rock,  is 
about  thirty  miles  in  a  right  line,  extending  from  the  headwaters 
of  the  Brule  and  Temperance  rivers  to  the  shore  of  Lake  Supe- 
rior. The  Sawteeth  range  of  mountains,  which  is  that  nearer  the 
Lake  Superior  shore,  dies  away  in  passing  to  the  southwest,  and 
the  Mesabi  belt  of  igneous  outflow  approaches  the  lake  shore, 
appearing  at  Duluth  in  the  form  of  the  **Ilice  Point  Granite." 
The  tilted  red  shales,  conglomerates  and  sandstones  at  Fond  du 
Lac,  a  few  miles  west  of  Duluth,  are  the  same  as  those  seen  as- 
sociated with  the  igneous  rock  all  along  the  shore.  They  lie 
there  on  a  white-quartz,  pebbly  conglomerate,  of  a  few  feet  in 
thickness,  which  lies  unconfovmably  on  the  roofing  slates  of  the 
Huronian,  the  same  formation  that  succeeds  to  the  red  rock  for- 
mation toward  the  northwest,  at  Ogishke  Muncie  and  Knife  lakes, 
northwest  of  Grand  Marais. 

The  mineralogical  characters  of  these  belts  of  igneous  rock, 
which  form  some  of  the  main  features  of  the  topograph}',  seem  to 
ally  them  to  the  Noriaii  rocks  of  T.  S.  Hunt,  and  to  the  labra- 
dorite  rocks  of  Canada.  At  least,  if  they  be  not  the  western  ex- 
tension of  those  formations,  then  those  formations  have  not  yet 
been  discovered  in  Minnesota.      But  several  traverses  have  been 
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made  of  the  country  northwest  of  Lake  Superior,  for  the  purpose 
of  geological  examinations  without  finding  anything  that  is  at  all 
comparable  to  those  formations,  if  it  be  not  the  rock  of  these 
hill  ranges.  The  rock  consists  generally  of  some  felspar,  which 
at  Duluth  has  been  found  to  be  labradorite  in  large  per  cent., 
and  at  some  places  constituting  over  ninety  per  cent,  of  the  mass, 
with  varying  proportions  of  augite  and  magnetite,  or  magnetic 
menaccanite,  with  various  accessory  ingredients,  or  minerals  tUat 
result  from  cliange.  It  is  massive,  firm,  dark-colored,  and  rises 
in  low  mountain  ranges,  as  already  stated.  If  its  relation  to  the 
red  granites  and  gneisses  with  which  it  is  accompanied  were  not 
so  evident,  by  simply  noting  the  changes  from  the  lake  shore 
north  west  wardl}',  it  would  hardly  be  presumed  to  be  a  parallel  of 
the  igneous  rocks  of  the  coast,  any  more  than  the  red  gneisses 
and  quartzites  would  be  of  the  shales  and  sandstones  that  are  in- 
terbedded  with  them  at  the  coast.  So  far  as  yet  examined,  these 
labradorite  rocks  contain  no  bands  of  limestone,  which  is  due 
probabl}'  to  the  fact  that  the  Cupriferous  Series  in  the  northwest  is 
not  known  to  contain  any  beds  of  limestone.  In  the  absence  of 
this  element,  and  in  this  only,  so  far  as  can  be  judged  by  the 
writer,  these  labradorite  rocks  seem  to  difl!er  from  the  labradorite 
rocks  of  the  ''  Upper  Laurentian"  of  Canada. 

Inferentially,  therefore,  the  so-called  "Upper  Laurentian,"  con- 
taining Eozoon  Canadense^  seems  to  parallelize  with  the  igneous 
rocks  of  the  Cupriferous  Series,  or  rather  with  the  modified  inter- 
bedded  sedimentary  portions  of  it,  and  hence  the  Eozoon^  instead 
of  being  truly  a  Laurentian  organism,  seems  to  be  one  of  the 
Cambrian  or  Lower  Silurian.  The  abundant  graphite  of  the 
"Laurentian**  which  pointed  the  way  to  the  prediction  of  or- 
ganisms in  that  formation,  is  also  found  in  the  modified  quartz- 
ites and  shales  of  the  Cupriferous  Series  in  perhaps  equal  abun- 
dance in  the  state  of  Minnesota. 
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An    attempt   to   estimate   approximately   the    Date  of  the 

CLOSE    OF   THE   GlACIAL    EpOCH,    FROM    AN    INSPECTION    OF   THE 

Kames  and  Kettle-holes  of  New  England.     Bv  G.  Fred- 
ERiCK  Wright,  of  Aiulover,  Mass. 

[abstract.'] 

After  refernng  to  the  evidence  connecting  these  i)henoinena 
with  the  closing  perio<l  of  the  glacial  epoch,  he  presented,  as 
illustrative  of  innumerable  other  cases,  the  facts  conterning  a 
kettle-hole  near  Ponij/s  pond  in  Andover.  The  distance  from 
rim  to  rim  of  the  hole  described  is  380  feet.  The  rim  is  composed 
of  gravel.  The  height  of  the  rim  above  the  surrounding  plain  is 
from  forty  to  fifly-two  feet.  The  height  above  the  peat  bog  in  the 
centre  of  the  depression  is  fifty  feet.  The  distance  across  this  bog 
is  ninety-six  feet.  The  nature  of  the  material  composing  the  rim 
is  such,  that  the  depth  of  the  depression  could  never  have  been 
more  than  twent^'-four  feet  greater  than  now.  Twenty-four  feet 
of  sediment  in  the  bottom  of  a  conical  depression  would  only 
equal  eight  feet  upon  the  present  surface.  The  question  is  how 
long  a  time  would  be  required  for  the  wash  of  the  rains,  the  dirt 
brought  by  the  winds  and  the  solid  material  collected  by  vegeta- 
tion, to  fill  this  depression  to  the  amount  indicated.  No  definite 
answer  can  be  given,  but  if  one  hold,  with  ]Mr.  Croll,  that  the 
great  glacial  perio*!  closed  80,000  years  ngo,  he  nnist  believe  that 
onl}'  an  inch  of  sediment  would  accunudate  upon  the  area  of  this 
peat  bog  in  1,000  years.  Whereas,  if  he  bring  the  close  of  this 
period  down  to  10,000  years  ago,  the  rate  of  accumulation  would 
seem  sutliciently  slow  to  tax  severely  even  a  credulous  imagination. 

*Thc  paper  with  n  plate  Is  poblithed  in  (Yill,  in  tlie  Axnericnn  Jonrni.l  of  Science 
tor  Feb;  uaiy,  188L 
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The  Iron  Ores  of  the  Brandon  Period'.     B}''  Henry  Carvill 
Lewis,  of  Gerinaiitown,  Pa. 

[abstract,"! 

The  theory  that  a  great  portion  of  the  iron  ores  of  our  lower 
Sihnian  limestone  valleys  are  of  a  tertiary  age  was  first  proposed 
by  Prof.  E.  lliichcock,  but  has  been  rejected  by  many  geologists. 
The  present  paper  describes  in  full  recent  discoveries,  made  by 
the  writer,  of  lignite  associated  with  limonite  iron  ores  in  the 
limestone  valley  of  Montgomery  county,  Pa.,  and  shows  their 
relation  to  the  deposit  at  Brandon,  Vt.,  and  their  bearing  upon  a 
theory  of  the  age  of  iron  ores  in  similar  positions  in  the  Atlantic 
States.  The  lignite  of  Brandon,  13'ing  within  beds  of  plastic  clay, 
kaolin  and  iron  ore,  was  shown  by  Lesquereux  to  be  of  tertiary 
age.  Lesley  afterwards  described  strata  of  lignite  in  a  similar 
position  at  Chambersburg,  Pa.,  but  regarded  them  as  local 
deposits  of  late  date.  More  recently  Prime  has  found  lignite  in  a 
plastic  clay  at  Ironton,  Pa.,  and  supposed  it  to  have  been  trans- 
ported by  a  glacier.  The  present  paper  shows  that  In  each  of 
these  cases  the  lignite  lies  below  the  surface  drift,  and  that,  as 
at  Brandon,  the  latter  lies  unconformably  upon  the  plastic  c\a.yti 
containing  the  lignite. 

The  occurrence  of  lignite,  in  connection  with  limonite  iron  ore, 
plastic  cla}',  kaolin  and  firesand  in  a  number  of  places  In  Mont- 
gomery county.  Pa.,  is  described,  and  it  is  shown  that  these 
localities  lie  in  a  line  corresponding  to  the  line  of  strike  of  all  the 
iron  ores  of  the  valley.  Overlying  the  plastic  clay  which  contains 
the  lignite  is  what  appears  to  be  a  decomposed  lower  Silurian 
hydromica  slate,  and  for  this  reason  the  iron  ores  had  been 
supposed  to  be  of  primal  age.  It  is  shown  that  this  decomposed 
material  and  the  underlying  iron  ores  have  been  originally  derived 
from  lower  Silurian  slates,  and  have  been  re-stratified  in  an  age 
intermediate  between  Triassic  and  Upper  Tertiary. 

The  iron  ores  of  this  region  are  divided  into  four  classes : 
(1)  Gueissic  Ore  ;  (2)  Primal  Ore;  (3)  Tertiary  (Brandon)  Ore; 
(4)  Drift  Ore.     The  last  two  classes  of  ore  are  often  found  at  the 

I  The  Iron  ores  nnd  Lignite  of  the  MoDtgoracry  Co.  Valley,  by  the  writer.  Froc. 
Acad.  Nat.  Sciences,  Plula...  ISSO. 
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same  locality;  the  latter  lying  unconformably  upon  the  former. 
Tlie  paper  discusses  at  length  the  age  of  the  drift  containing  the 
latter.  Notwithstanding  the  fact  that  a  region  of  triassic  red 
shale  lies  north  and  east  of  the  valley,  not  a  single  fragment  of 
such  rock  occurs  in  this  drift.  The  pebbles  are  composed  almost 
wholly  of  Potsdam  sandstone,  —  a  material  now  in  great  part 
eroded  away  in  this  vicinity.  The  evidence  is  strong  that  this 
drift  was  not  caused  by  any  flood  from  the  north.  That  it  is  older 
than  the  Glacial  Epoch  is  also  indicated  both  by  the  great  amount 
of  erosion  it  has  sntfercd,  and  by  the  fact  that  in  the  adjoining 
triassic  region  no  trace  of  drift  occurs.  It  was  perhaps  formed 
at  a  time  when  hills  of  Potsdam  sandstone,  since  eroded,  stood  as 
a  barrier  between  the  limestone  valley  and  the  triassic  rocks  to 
the  north.  It  is  of  interest  to  find  that  a  large  proportion  of  the 
pebbles  of  the  sub-cretaceous  clays  of  New  Jersey  are  also  formed 
of  Potsdam.  The  four  different  gravels  of  the  Delaware  valley 
are  described,  and  it  is  shown  that  the  drift  ore  of  the  Mont- 
gomery county  valley  belongs  to  the  oldest  of  these,  and  is  proba- 
bly of  tertiary  age. 

It  follows  that  the  strata  containing  iron  ore  and  lignite,  which 
underlie  this  drift  unconformably,  are  yet  older.  Some  facts  point 
to  a  Wealden  age,  but  the  identity  of  the  deposits  with  that  at 
Brandon,  in  which  Tertiary  plants  are  found,  indicates  a  middle 
Tertiary,  perhaps  Obgocene  agQ,  Since  an  exact  geological  age 
cannot  at  present  be  assigned  to  these  dei)osits,  it  is  thought  best 
to  group  them  together  under  the  name  of  the  Brandon  Period. 

Attention  is  directed  to  another  deposit  of  lignite  and  iron 
ore  near  Augusta,  Ga.,  whose  geological  situation  and  the  section 
given  are  so  remarkably  similar  to  those  of  Brandon,  Chambers- 
burg,  Ironton  and  the  Montgomery  county  valley,  that  it  appears 
to  belong  to  the  same  formation,  and  to  indicate  that  in  this  Bran- 
don Period  there  was  an  inland  fresh-water  formation  in  eastern 
America  of  large  extent  and  importance. 
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•On  the  age  of  the  Copper-bearing  Rocks  op  Lake  Superior. 
By  M.  E.  Wads  WORTH,  of  Cambridge,  Mass. 

[ahstract.] 

Two  principal  views  regarding  the  relative  age  of  the  copper- 
bearing  traps  of  Keweenaw  Point  and  the  eastern  sandstone 
have  been  and  arc  now  lield.  The  first  regards  tlie  traps  and 
sandstone  as  of  the  same  age  ;  the  second  places  the  traps  as 
the  earlier  formation  (pre-Paleozoio),  and  the  eastern  sandstone 
as  the  later  one  (Paleozoic).  The  traps  are  said  to  have  formed 
a  sea  wall  along  the  eastern  side  of  the  Point,  while  the  sand- 
stone was  deposited  against  the  base  of  the  clitT.  The  sand- 
stone is  said  to  be  horizontal,  or  at  most  to  have  only  a  slight 
inclination  at  the  base  of  the  cliffs,  at  which  point  it  contained 
pebbles  of  the  trap  derived  from  them.  This  evidence  was  princi- 
pally obtained  at  the  Donglass  Houghton  Falls,  and  on  the  face  of 
the  published  accounts  appears  conclusive.  It  has  given  rise  to 
the  sui)[)osition  that  the  traps  formed  a  distinct  geological  series 
belonging  to  Azoic  or  Archean  time,  which  series  has  been  recog- 
nized bv  litholoGficiil  characters  far  and  wide.  As  this  Keweena- 
wan  scries  was  first  established  on  Keweenaw  point,  it  must  stand 
or  fall  by  observations  made  there,  and  not,  as  some  would  make 
it,  by  observations  in  Wisconsin,  the  northern  shore  of  Lake  Supe- 
rior, or  in  Newfoundland. 

By  personal  observations  at  the  Douglass  Houghton  Falls,  I 
have  found  that  the  eastern  sandstone  instead  of  being  horizontal 
as  stated,  <li[)s  north  4"j°  west,  25°,  while  passing  down  the  river 
the  dip  gradually  diminishes  in  angle  until  it  is  only  5°  at  the 
mouth  of  the  ravine  below  the  falls.  Instead  of  the  cliffs  at  the 
falls  icprcsonting  the  termination  of  the  copper-bearing  traps  as 
stated,  I  found  several  basaltic  overflows  below  the  falls  interstrat- 
ificd  with  the  conglomerate  and  sandstone.  The  relation  of  the 
cop[)or-l»oaring  trai)s  below  the  falls  to  the  interbedded  sandstones 
and  con^louicratos,  is  the  same  as  it  is  in  the  rocks  above  the  falls. 
The  Inst  basaltic  How  here  is  a  thin  sheet  some  two  feet  in  thick- 
ness, which  is  interbedded  between  sandstones,  having*  the  same 
dip  as  the  basalt.  The  finding  of  the  copi)cr-bearing  rocks  below 
the  Douglass  Ilonghton  Falls,  explains  the  i)resence  of  pebbles  of 
inelai)hyr  in  the  coniilonicrate  at  the  falls,  and  shows  that  the 
obsirvatious  referred  to  were  made  within  the  region  of  the 
copper-bearing  traps,  the  observers  not  having  found  the  junction  of 
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the  traps  with  the  sandstone  at  all.  Something  more  is  necessary 
in  such  obscn'ations  than  simply  to  find  a  sandstone  on  the 
eastern  side  of  the  copper-bearing  rocks  ;  it  is  necessary  to  know 
that  this  is  part  of  the  eastern  sandstone  and  not  a  bed  inter- 
calated with  the  trap.  Now  as  I  find  that  the  eastern  sandstone 
underlies  the  trap  conformably,  that  is,  as  conformably  as  a  bed  can 
underlie  a  lava  which  has  (lowed  over  it,  it  must  be  older  in  order 
of  time,  but  of  the  same  geological  age  with  the  copper-bearing 
rocks.  As  m}-  observations  show  the  incompleteness  of  those  on 
which  the  *'  Keweenawan  series  *'  was  founded,  it  seems  right  to 
hold,  until  my  observations  sliall  be  dispi*ovcd,  that  the  "Keweena- 
wan series  "  has  no  foundation,  but  that  the  copper- bearing  rocks 
are  of  the  same  asje  as  the  eastern  sandstone.  This  series  has 
been  advocated  upon  lithological  evidence,  and  said  to  be  recog- 
nized in  other  localities  from  this  evidence,  but  tlie  above  observa- 
tions furnish  another  proof  of  the  absurdity  of  founding  and  identi- 
fying geological  systems  simply  by  lithological  characteristics. 

In  ascending  the  Hungarian  river,  I  found  the  same  relations  of 
the  trap  to  the  sandstone.  Tiie  last  bed  of  the  eastern  sandstone, 
dipping  north  45**  west,  20°,  is  overflowed  by  the  first  bed  of 
trap  which  has  baked  the  former ;  the  same  as  these  basaltic  flows 
indurate  the  sandstone  within  the  copper-bearing  rocks.  This 
thin  flow  is  overlaid  by  a  conglomerate  and  sandstone,  at  the  base 
of  which  we  find  pebbles  of  the  underlying  trap.  Furthermore, 
similar  alternations  of  trap,  sandstone,  and  conglomerate  extend 
until  the  western  sandstone  is  reached. 

It  seems  then  that  the  writer  has  advanced  sufldcient  evidence 
to  prove  that  in  the  parts  visited,  the  eastern  sandstone  con- 
formably underlies  the  copper-bearing  rocks  and  that  both  are  of 
the  same  geological  age, 

The  question  of  the  relative  ages  of  these  rocks  was  the  one 
with  which  my  time  was  occupied,  but  so  far  as  the  absolute 
geological  age  of  the  sandstone,  and  therefore  of  the  trap,  is  con- 
cerned, it  would  seem  tliat  the  evidence  brought  forward  b}'  Dr. 
Rominger,  until  disproved,  shows  that  Messrs.  Foster  and 
Whitne}'  were  correct  in  regarding  it  as  of  Potsdam  age. 

For  a  fuller  treatment  of  this  subject  the  reader  is  referred  to 
another  publication.^ 

'  Notes  on  the  Gcolog'y  of  Uie  Iron  and  Copper  Diptncts  of  Lake  Superior.  Bulletfa 
of  Uie  Museum  of  Comparative  Zoology,  1880,  Vol.  VJl  (Geol.  Series,  Vol.  i;,  No.  1, 157 
pp.,  G  plates. 
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Turquoise  of  New  Mexico.     By  B.  Silltmak,  of  New  Hayen, 
Conn. 

The  cxislence  of  this  comparatively  rare  gem  in  New  Mexico  is 
a  fact  long  known — the  chief  locality  being  at  Mt.  Chalchuitl  in 
Los  Cerillos,  about  twenty-two  miles  southwest  of  the  ancient 
town  of  Santa  Fe,  the  capital  of  that  territory.  We  are  indebted 
to  Prof.  Win.  P.  Blake  for  our  first  detailed  notice  of  this  ancient 
mine  in  an  article  published  in  1857,  in  the  American  Journal 
of  Science.* 

It  was  subsequently  visited  by  Dr.  Newberry  and  mentioned  in 
one  of  his  reports,  and  by  others.  I  have  lately^  had  an  oppor- 
tunity of  examining  this  very  interesting  locality,  since  it  has 
been  laid  open  in  the  old  workings,  by  the  recent  explorations  of 
Mr.  D.  C.  Hyde,  and  thus  rendered  accessible  to  observation. 

The  Cerillos  Mountains  have  recently  come  into  notice  from 
the  i)artial  and  as  yet,  superficial  exploration,  of  very  numerous 
mineral  veins  which  are  found  to  intersect  them  and  which  carry 
chicfl}'  argentiferous  galena,  with  some  gray  copper,  rich  in  silver,* 
giving  promise  of  mines  of  value  when  opened  in  depth.  I  have 
elsewhere  spoken  more  particularly  of  these  veins  and  of  the  rocks 
that  contain  them.  These  rocks  are  all  eruptive  or  plutonic  rocks 
of  the  family  of  the  Augite  Trachytes,  the  microscopic  study  of 
which  reveals  the  interesting  fact  that  they  are  of  the  same  family 
which,  the  world  over,  carry  the  richest  and  most  permanent  ores 
of  silver,  with  some  gold,  and  which  there  is  good  reason  to 
believe  are  here  penetrated  by  true  fissures  which  may  be  followed 
to  any  depth,  without  exhaustion.  In  the  centre  of  this  district, 
which  is  not  more  than  about  six  miles  by  four  in  extent,  rises  the 
dome  of  Mount  Chalchuitl,  the  summit  of  which  is  about  7,000 
feet  above  tide,  and  is  therefore  almost  exactly  on  a  level  with 
the  Piazza  of  Santa  Fe,  across  the  valley  of  the  river  of  that 
name,  to  the  northeast.  In  the  other  direction  this  mountain  has 
its  drainage  into  the  valle}'  of  the  Galisteo,  which  forms  the 
southern  boundary  of  the  Cerillos  district.  The  geological  age  of 
the  eruption  of  these  volcanic  rocks  is  probably  Tertiary.  The 
rocks  which  form  Mt.  Chalchuitl — the  Indian  name  of  the  tur- 
quoise— are  at  once  distinguished  from  those  of  the  surrounding 
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and  associated  ranges  of  the  Cerillos  by  their  white  color  and 
decomposed  appearance,  closel}'  resembling  tuff  and  kaolin,  and 
giving  evidence,  to  the  observer  familiar  with  such  phenomena,  of 
an  extensive  and  profound  alteration,  due,  i)robably,  to  the  escape 
through  them,  at  this  point,  of  heated  vapor  of  water  and  perhaps 
of  other  vapors  or  gases,  by  the  action  of  which  the  original 
crystalline  structure  of  the  mass  has  been  com[)letely  decomposed 
or  metamorphosed,  with  the  pro<luction  of  new  chemical  comiK>unds. 
Among  these  the  turquoise  is  the  most  conspicuous  and  important. 
In  the  seams  and  cavities  of  this  yellowish-white  and  Kaolin-like 
tuffaceous  rock  the  turquoise  is  found  in  Ihin  veinlets  and  little 
balls  or  concretions  called  *'nugrnrcts,"  covered  on  the  exterior 
with  a  crust  of  the  nearly  white  tuff,  and  showing  on  cross  frac- 
ture the  less  valued  varieties  of  this  gem,  more  rare!}'  offering 
fine  sk^'-blue  stones  of  higher  value  for  ornamental  purposes.  It 
is  easy  to  see  these  blue-green  stains  in  every  direction  among 
these  decomposed  rocks,  but  the  turquoise  in  masses  of  any 
commercial  value  is  extremely  rare,  and  man}'^  tons  of  the  rock 
may  be  broken  without  finding  a  single  stone  which  a  jeweller,  or 
virtuoso,  would  value  as  a  gem. 

The  observer  is  deeply  impressed  on  inspecting  this  locality 
with  the  enormous  amount  of  labor  which  in  ancient  times  has 
been  expended  here.  The  waste  or  debris  excavated  in  the  former 
workings  covers  an  area  which  the  local  survej'or  assured  me,  by  his 
measurement,  extends  over  at  least  twenty  acres  of  ground,  and 
which  it  is  easy  to  see  has  a  very  large  bulk.  On  the  slopes  and 
'sides  of  these  piles  of  rubbish  arc  growing  large  cedars  and  pines, 
the  age  of  which — judging  from  their  size  and  slow  growth  in  this 
very  dry  region — must  be  counted  by  centuries.  It  is  well  known 
that  in  1680  a  large  section  of  the  mountain  suddenly  fell  in 
from  the  undermining  of  the  mass  by  the  Indian  miners,  killing  a 
considerable  number,  and  that  this  accident  was  the  immediate 
cause  of  the  uprising  of  the  Pueblos  and  the  expulsion  of  the 
Spaniards,  which  happened  in  that  year  just  two  centuries  since. 

The  accompanying  vertical  section  of  the  mountain  from  east 
to  west  will  give  a  good  idea  of  the  old  workings  and  of  the  shafts 
and  tunnels  projected  and  partly  carried  out,  by  Mr.  Hyde.  The 
irregular  openings,  named  by  !Mr.  II,,  ^*  wonder  caves"  and  the. 
*' mystery,"  are  the  work  of  the  old  miners,  and  the  whole  hillside 
from  the  tlag-statf  to  the  *'  mystery  "  was  worked  out  by  them  also. 
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It  was  tbis  shaip  slope  of  ttte  moiintam  wbich  fell.  In  these 
chambers,  wliieli  have  some  extent  of  ramiQcation,  were  found 
abundantly  the  fragments  of  their  ancient  pottery,  ivith  some  entire 
vessels,  some  of  curious  n'orkmaii.stii|>,  ornnmcnted  in  the  style  of 


color  so  ratuiliiir  it)  tlic  Mu-\icnn  pottery,  and  associated  with 
these,  numerous  stone  liammcrs,  some  to  he  held  in  the  hand  and 
others  swung  as  sledges,  fashioned  with  wedge-shai>ed  edges  and 
a  groove  for  the  handle.     In  one  case,  a  hammer  weighing  over 
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twenty  pounds  was  found,  while  I  was  at  the  Cerillos,  to  which 
the  vryth  was  still  attached,  with  its  oak  handle  —  the  same  scrub 
oak  which  is  found  growing  abundantly  on  the  hillsides  now,  and 
quite  well  preserved,  after  at  least  two  centuries  of  entombment 
in  this  perfectly  dry  rock. 

The  stone  used  for  these  hammers  is  the  same  hard  hornblende 
Andesite  or  Propylite,  which  forms  the  Cerro  d*Oro  and  other  Cer- 
rillos  hills,  very  hard  and  tough.  With  these  rude  tools  and  with- 
out iron  and  steel,  using  fire  in  place  of  explosives,  these  patient 
old  workers  managed  to  break  down  and  remove  the  incredible 
masses  of  these  tuffaceous  rocks  which  form  the  mounds  already 
described. 

That  considerable  quantities  of  the  turquoise  were  obtained  can 
hardly  be  questioned.  We  know  that  the  ancient  Mexicans  at- 
tached great  value  to  this  ornamental  stone  as  the  Indians  do  to 
this  day.  The  familiar  tale  of  the  gift  of  large  and  costly  turquoise 
by  Montezuma  to  Cortez  for  the  Spanish  crown,  as  narrated  by 
Clavigcro  in  his  history  of  Mexico,  shows  the  high  value  attached 
to  this  gem.  It  is  not  known  that  any  other  locality  in  America 
has  furnished  turquoise  in  any  quantit}' — the  only  other  place  out- 
side of  Los  Cerillos,  where  it  is  found  at  all,  being  that  near 
Columbus  District  in  Nevada,  discovered  by  Mr.  J.  E.  Clayton, 
and  this  has  not  been  worked  as  yet. 

The  origin  of  the  turquoise  of  Los  Cerillos  in  view  of  late 
observations  is  not  doubtful.  Chemically  it  is  a  hydrous  alumi 
num  phosphate.  Its  blue  color  is  due  to  a  variable  quantity  of 
copper  oxide  derived  from  associated  rocks.  I  find  tlie  Cerillos 
turquoise  contains  8.81  per  cent,  of  this  metal.  Neglecting  this 
constituent  the  formula  for  turquoise  requires:  Phosphoric  acid, 
82. G  ;  alumina,  47.0  ;  water,  20.5.     Total,  lOO.L 

Evidently  the  decomposition  of  the  felspar  of  the  trachyte  has 
furnished  the  alumina,  while  the  apatite,  or  phosphate  of  lime, 
which  the  microscope  detects  in  the  thin  sections  of  the  Cerillos 
rocks,  has  furnished  the  phosphoric  acid.  A  little  copper  is 
diffused  as  a  constituent  also  of  tiie  veins  of  this  region,  and 
hence  the  color  which  that  metal  imparts. 

The  inspection  of  thin  sections  of  the  turquoise  by  the  micro- 
scope, with  a  high  power,  shows  the  seemingly  homogeneous 
mass,  of  this  compact  and  non-crystalline  mineral,  to  consist  of 
ver}'  minute  scales,  nearly  colorless,  having  an  aggregate  polar- 
ization, and  showing  a  few  particles  of  iron  oxide. 
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The  rocks  in  which  the  turquoise  occurs  are  seen,  by  the  aid  of 
the  microscope  and  polarized  light,  in  thin  sections,  to  be  plainly 
only  the  ruins,  as  it  were,  of  crystalline  trachytes  showing  rem- 
nants of  fels[)ar  crystals,  decomposed  in  part  into  a  white  kao- 
lin-like substance,  with  mica,  slag  and  glassy  grains,  and  quartz 
with  large  fluidal  enclosures,  looking  like  a  secondary  product. 
There  is  considerable  diversit}'  in  their  looks,  but  they  may  all  be 
classed  as  trachyte- tuffs  and  are  doubtless  merely  the  result  of 
decomposition,  as  already  indicated,  of  the  crystalline  rocks  of 
the  district  along  the  line  of  volcanic  fissures.  In  fact  there  are 
in  the  northeast  direction  other  places,  one  of  them  at  Bonanza 
City,  a  distance  of  probably  two  to  three  miles,  where  the  same 
evidence  of  decomposition  is  found,  and  in  the  rocks  at  this  place 
I  find  also  the  turquoise  in  forms  not  to  be  distinguished  from  that 
of  the  old  mine.  Mr.  Hyde  has  shown  me  lately  in  New  York  a 
large  number  of  the  Cerillos  turquoise  polished,  one  of  huge  size  ; 
and  among  them  a  few  of  good  color  and  worthy  of  consideration  as 
gems,  some  of  them  an  inch  in  length  and  quite  thick,  but  they 
are  not  of  faultless  beauty. 


The  Island  op  Montreal  an  Island,  not  in  the  St.  Lawrence, 
BUT  IN  the  Ottawa.    By  William  Boyd,  of  Cambridge,  Mass. 

The  waters  of  the  Ottawa,  at  the  foot  of  the  Lake  of  Two 
Mountains,  divide  on  the  Island  of  Montreal  into  two  branches 
of  nearly  equal  volume.  The  lesser  branch — making  for  the 
south  of  the  island,  and  also  for  several  miles  farther  south  along 
the  Vaudreuil  shore  to  Cascades  Point — subdivides  on  Isle  Perrot, 
an  insulation  of  seven  or  eight  miles  in  length  (from  west  to  east) 
and  from  two  to  three  miles  in  breadth,  lying  south,  and  part  of  it 
west,  of  the  head  of  the  Island  of  Montreal.  There  are  rapids  in 
each  of  the  sub-branches.  The  southern  branch  of  the  Ottawa 
encounters  the  St.  Lawrence  at  Cascades  Point ;  and  also  at  the 
foot  of  Isle  Perrot,  where  the  sub-branches  reunite.  From  Cas- 
cades Point  and  the  foot  of  Isle  Perrot  the  Ottawa  water  flows  in 
the  same   bed  as  that  of  the  St.  Lawrence, — of  course  on  the 
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northern  side  of  the  St.  Lair  re  oce  water, — filling  Trom  a  quarter  to 
a  third  of  that  bed ;  which  fact  is  evident  from  the  difference  in 


color  of  the  water  of  the  two  r 


), — that  of  the  Ottawa  being 
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of  a  brownish,  that  of  the  St.  Lawrence  of  a  greenish,  hue.  The 
two  river-streams  run  side  by  side  unmixed  to  the  Ottawa's  lowest 
mouth,  at  the  foot  of  the  Island  of  Montreal,  where  this  southern 
stream  or  branch  of  the  Ottawa  joins  the  northern  branch  of  the 
same  river.  (Thence  these  river-streams  flow  onward,  side  by  side, 
as  before, — the  Ottawa's  stream  doubled  in  volume, —  to  Lake  St. 
Peter,  whei  e  thoy  commingle  in  its  slack  water  and  the  tidal  head.) 

If  the  River  Ottawa  should  cease  to  exist  and  the  River  St. 
Lawrence  should  remain,  what  is  now  the  Island  of  Montreal  would 
probably  —  from  the  high  level  above  St.  Anne  and  below  Vau- 
dreuil  of  the  bed  of  the  then  extinct  Lake  of  Two  Mountains,  and 
from  the  very  considerable  fall  which  would  on  the  disappearance 
of  the  Ottawa  take  place  in  the  St.  Lawrence  below  the  Cascades 
Rapids — be  an  island  no  longer;  but  if  the  St.  Lawrence  should 
cease  to  exist  and  the  Ottawa  should  remain,  what  is  now  the 
Island  of  Montreal  would  be  an  island  still. 

From  the  above  facts  the  writer  concludes  that  the  Island  of 
Montreal  is  an  island,  not,  as  has  heretofore  been  held,  in  the 
St.  Lawi*ence,  but  in  the  Ottawa. 


The  Law  of  Land-forming  on  our  Globe.     By  Richard  Owen, 
of  New  Harmony,  Ind. 

The  object  of  the  present  paper  will  be  to  state  the  law  by 
which  dry  land  shows  itself  above  the  ocean,  and  to  sustain  that 
statement  b^'  so  many  coincident  facts,  which  can  be  traced  on  any 
good  globe,  or  on  large  maps  of  separate  continents,  as  to  satisfy 
the  scientist  that  the  law  is  of  universal  application  to  geographical 
and  geological  phenomena,  with  few,  if  an}',  exceptions  : 

General  Law:  The  land  on  our  globe  shows  itself  above  the 
ocean  level,  in  definite  multiple  proportions,  by  measui*ement ;  the 
unit  is  tlie  angular  ditference  between  the  axis  of  rotation  and 
the  axis  of  orbital  progression.* 

>For  convenience,  as  that  ung^le  has  been  le«^»ening  for  centuries,  we  might  call  it  24* 
We  then  have . 

The  geographical  and  geological  unit  =  24*  =  Y^^* 

Greatest  uidtli  and  length  of  coutinentg  =•  3  X  24*  =  7ir=  i^-Q* 

Radius  for  continent*  =r  36*  =  ^ ••"• 

Half  radius  =  18*  =  3^'.a« 

The  measure  for  oceanic  distances  is  the  complement  of  24*  =■  C6*.  The  ratio  of  land 
to  water,  as  shown  by  Prof.  Diina,  is  as  100  :  275.  The  ratio  of  24°  :  GT  . :  100  :  275.  All 
meosuremeots  ai*e  to  be  estimated  at  the  equator. 
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To  render  the  demonstration  of  the  above  general  law  more 
intelligible,  it  may  be  advantageous  to  consider  it  under  several 
separate  heads,  or  subdivisions,  following  up  each  of  these  heads 
or  sections,  by  its  demonstration. 

I.  First  subdivision  or  section  of  the  law :  Many  longitudinal 
elevations  and  depressions  on  the  earth's  surface  (Ihe  result  appar- 
ently of  cooling  and  contraction),  especially  near  the  greatest 
median  extension  of  each  continent,  north  and  south  coincide 
with  some  meridian.  Consequently,  if  we  conceive  the  planes  of 
these  great  circles  produced  to  the  earth's  axis,  the  terminal  axis 
of  the  spherical  wedges  thus  formed  would  coincide  with  the  axis 
of  rotation.  Further,  this  shrinkage  has  caused  a  north  and 
south  continent  to  appear  in  each  of  four  equal  spherical  wedges 
of  our  earth,  estimating  the  90°  for  each  wedge  on  the  equator. 
Minor  north  and  south  extensions  can  be  traced  at  intervals,  often 
of  4^°  or  9°  apart,  all  around  the  globe,  alternating  usually,  at 
least  on  the  continental  outlines,  with  trends  which  form  with  the 
meridians,  angles  of  about  23j^°. 

Demonstration:  After  placing  the  artificial  globe  in  such  posi- 
tion that  the  terrestrial  poles  are  at  the  wooden  horizon,  and  the 
eastern  extremity  of  Brazil  at  the  brazen  meridian,  we  find  North 
and  South  America  occupying  one  quarter,  Europe  and  Africa  a 
second,  Asia  and  Australasia  the  third,  while  the  fourth  embraces 
North  and  South  Ocean ica,  which  may  be  regarded,  either  as  a 
sunken  continent,  or  as  an  ocean  with  north  and  south  island 
groups. 

In  Europe  and  Africa  combined,  we  find  the  greatest  median 
elongation  in  about  long.  21°  to  22°  E.  of  Gr.  In  Asia,  the 
median  elongation  is  about  in  long.  99°  to  100°  E.  In  North 
America,  it  is  in  long.  9G°  W.,  in  South  America  in  long.  69°  to 
70**  W.  In  N.  Oceanica,  the  elongation  is  from  Point  Barrow, 
through  the  Sandwich  Islands  to  Tahiti,  therefore  in  about  long. 
155°  W. ;  lastly  for  Australasia,  the  elongation  is  about  in  long. 
144°  to  145°  E. 

To  prove  the  minor  north  and  south  extensions,  on  coast  lines 
as  well  as  through  continents,  we  may  begin  anywhere  on  the 
equator,  and  trace,  north  and  south,  great  circles  at  intervals  of 
about  9°  apart.  We  find,  likewise,  evidences  of  alternate  eleva- 
tions and  depressions  :  a  great  elevation  in  one  continent  seeming 
to  have  resulted  in  a  depression  on  the  opposite  side  of  the  globe. 
To  give  a  single  example,  follow  the  immense  heights  of  the 
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eastern  Himalayas,  in  about  long.  90**  E.,  and  the  elevated  table- 
lands of  Central  Asia,  to  the  opposite  side  of  the  globe,  in  long. 
90°  W.,  and  you  there  find  the  great  depressions  of  Hudson  Bay 
our  fresh-water  lakes,  the  Gulf  of  Mexico,  and  the  deep,  south- 
eastern Pacific. 

II.  Second  suMivision  of  the  laio :  Although  the  median  lines 
of  continents  runjiorth  an<l  south,  tlie  outlines  of  continents  form 
with  the  meridian  lines,  angles  of  about  23j°^  ;  theterminal  edges 
of  their  planes,  projected  to  the  earth's  centre,  are  consequently 
parallel  to  the  axis  of  orbital  progression.  Reckoning  from  a 
trend  which  passes  through  the  Straits  of  Bali  and  of  Macassar : 
and  which  defines  the  eastern  trend  of  Asia,  including  Japan,  we 
find  successively  five  eastern  trends  of  great  continents,  exactly 
72°  apart,  or  one-fifth  of  3G0°.  Tliese  trends  mark  belts  of  great 
seismic  force,  apparently  where  the  crust  has  less  thickness  than 
along  the  median  lines  of  continents,  where  volcanoes  and  earth- 
quakes are  more  rare ;  or  where,  as  Dana  expresses  it,  there  are 
lines  of  fracture  or  weakest  cohesion. 

Demonstration:  1.  Beginning  with  the  eastern  trend  of  North 
America,  we  find  it  passing  from  Yucatan,  nearly  parallel  to  the 
Gulf  Stream,  doubtless  becoming  the  chief  agent  in  gradually 
bringing  the  Appalachians  to  their  present  level,  with  all  their 
Basaltic  flows  and  their  contorting  power  over  the  coal  beils; 
thence  past  the  palisades  of  New  York,  to  the  volcanic  and  geyser 
region  of  Iceland.  On  the  opposite  side  of  the  globe,  this  belt 
crosses  diagonally  the  Caspian  Sea,  near  the  Field  of  Fire  (Baku) 
and  by  the  upheaval  of  the  western  Ghauts  defined  the  west  coast 
of  Hindostan. 

2.  Tlie  force  connected  with  the  eastern  trend  of  South  America 
probably  separated  the  Falkland  Islands  from  the  continent ;  also 
Madeira  proper  (Funchal)  from  Porto  Santo  ;  produced  the  numer- 
ous depressions  and  elevations  in  Great  Britain,  during  the  Teitiary 
but  especially  the  Glacial  Periods,  causing  apparently  the  separa- 
tion of  Ireland  and  the  vast  rents  along  the  almost  fathomless  and 
never-frozen  Loch  Ness,  as  well  as  other  north-northeast  fissures 
through  England  and  Scotland,  where  all  admit  a  change  of  level  of 
at  least  COO  ft.  in  the  Glacial  Epoch,  while  others  claim  2000  ft.  At 
an  earlier  period  the  force  exerted  along  this  great  circle  may  have 

'This  law  I  pointed  out  in  "Key  to  the  Geology  of  the  Globe,"  a  work  which  I  pub- 
lished in  Nashville,  Tcnn.,  In  1857.  The  generalization  was  accepted  by  scientlflts:  see 
Dana^s  Manual,  p.  38,  and  Dawson's  "Origin  of  the  World,''  p.  184,  also  Coucs'  "Struc- 
*«i^  of  tho  Earth,"  p.  4. 
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aided  in  raisiDg  the  Scandinayian  Mountains^  just  as  it  is  now 
elevating  considerable  portions  of  Norway  and  Sweden.  On  the 
opposite  side  of  the  globe,  this  belt  or  zone  will  be  seen  to  pasa 
through  some  of  the  volcanoes  of  Japan,  of  Solomon's  Archipel- 
ago, and  other  oceanic  fire- vents.  Further,  this  seismic  continental 
trend  accounts  for  the  fearful  earthquakes  of  New  Zealand,  as  it 
skirts  the  northwest  coast  of  that  Island,  and  passes  through 
Cook's  Straits. 

3.  The  eastern  trend  of  Africa  seems  either  to  have  separated 
Madagascar  from  the  continent,  or  to  have  brought  up  that  island 
at  a  later  period ;  but  with  the  exception  of  passing  through  the 
volcanic  region  of  the  Aleutian  Islands  and  £aster  Island,  its 
seismic  power  appears  to  have  been  less  than  that  of  the  other 
four  eastern  continental  outlines. 

4.  A  trend  72°  £.  of  the  one  just  followed  gives  us  the  volca* 
noes  of  Java  and  Celebes,  passing  through  the  Straits  of  Bali  and 
of  Macassar  (where  Wallace  observed  a  continental  difference  in 
the  flora  and  fauna,  east  and  west  of  those  straits)  thence  along 
the  volcanic  belt  of  Japan  and  its  warm  Gulf  Stream,  then  through 
the  Kurile  Islands  and  Kamchatka,  also  Alaska  and  along  the  line 
of  depi'ession  connecting  Bear  Lake,  Athabasca,  etc.,  with  the  Lake 
of  the  Woods.  Thence  it  passes  through  Lake  Superior,  South 
Carolina,  Hayti  and  the  Bahamas,  and  reaches  the  great  earth- 
quake region  of  Venezuela  at  Caraccas ;  thus  accounting  for  the 
seismic  disturbance  in  South  Carolina  in  1812,  Just  previous  to  the 
destruction  of  La  Guayra  and  Caraccas,  as  well  as  for  the  sub- 
marine table-land,  recently  discovered  by  the  Coast  Survey,  ex- 
tending from  South  Carolina  to  the  Bahamas. 

5.  Lastly,  wo  may  trace,  in  the  Pacific,  the  trend  which,  passing 
between  Australia  and  New  Zealand,  intersects  the  terrestrial 
equator  at  or  about  the  same  nodes  where  it  is  crossed  by  the 
magnetic  equator  of  dip  defining,  in  this  part  of  its  course,  the 
western  coast  of  South  Africa. 

Time  would  not  permit  to  give  details  following  the  other  west- 
ern trends ;  but  any  one  with  a  good  globe  can  easily  find  them. 

III.  Third  subdivision  of  the  law :  Besides  these  two  forces, 
which,  as  shown,  exert  their  power  along  linesiparallel  respectively 
to  the  axis  of  rotation  and  to  that  of  progression,  each  northern 
continent  had  two  foci,  nearly  on  its  median  line  ;  the  more  north- 
erly focus,  centre,  or  dominant,  near  the  Arctic  circles  ;  the  other 
at  the  exact  geographical  centre  of  the  continent.     Concentric 
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circles,  around  these  foci,  not  only  mark  important  additions  to 
the  land  and  orography  of  each  continent,  but  especially  pass,  as 
they  enlarge,  through  areas  of  successive  geological  periods,  from 
the  older  to  the  newer.  Usually  a  radius,  fi*om  the  more  northerly 
focus,  of  from  18**  to  23 J^**  or  24**,  encloses  areas  chiefly  Archsan 
to  the  junction  with  Paleozoic,  while  that  of  30**  marks  Mesozoic, 
and  36®,  areas  of  Cenozoic^  From  the  more  southerly  focus, 
which  is  also  the  geographical  centre,  a  radius  of  36®  will  usually 
enclose  the  continent  with  most  of  its  collateral  extensions,  while 
24**  will  define  the  continent  proper.  Between  those  two  circles 
will  be  found  almost  exclusively  Tertiary  areas ;  outside  of  those 
in  three  continents  exist  the  remains  of  remarkable  Quaternary 
animals ;  and  within  the  radius  of  24°  (at  least  until  the  southern 
arcs  meet  the  northern  curves)  we  have,  as  we  approach  the  more 
central  focus,  successively  Mesozoic  and  Paleozoic. 

In  the  southern  continents,  there  is  only  one  centre.  With  a 
radius  of  24**,  from  that  centre,  to  36**  which  completes  the  conti- 
nent, we  find,  as  before,  Cenozoic  ;  while,  within  the  smaller  circle, 
we  have  older  formations,  commonly  Mesozoic. 

Demonstration :  For  the  sake  of  convenience  the  approximate 
position  of  the  foci,  for  each  continent,  is  subjoined ;  subject  to 
such  slight  modifications  as  future  investigations  may  require. 

1.  For  Europe^  the  northern  dominant  is  in  Scandinavia,  about 
long.  22®  E.  of  Gr.,  lat.  68®  N.  The  geographical  and  later 
centre  is  in  long.  20®  E.  and  lat.  49^®  N. 

2.  For  Asia^  the  northern  focus  is  in  Siberia  about  long.  99* 
£.  and  lat.  71®  N.  The  centre  is  in  the  same  long,  and  in  about 
51®  N.  lat. 

3.  For  North  America^  the  northern  dominant  is  in  Boothia 
Felix,  about  long.  96®  W.  and  lat.  70®-?!®  N.  The  later  focus 
is  near  the  height  of  land,  west  of  Lake  Superior,  about  long. 
94®  W.,  lat.  47®  to  48®  N. 

4.  For  Africa,  the  single  centre  is  at  St.  Thomas's  Island,  where 
the  magnetic  equator  of  dip  crosses  the  terrestrial  equator. 

5.  For  South  America,  the  centre  is  on  the  Tropic  of  Capricorn, 
in  about  long.  65®  \V. 

6.  For  Australasia,  the  centre  is  also  on  the  Tropic  of  Capri- 
corn, in  about  long.  148®  E. 

•Some  variation  seems  to  exist  between  those  continents  which,  like  North  and  Sonth 
America,  have  their  main  extension  from  north  tosouUi,  and  the  continents,  which,  like 
Asia,  extend  rather  east  and  west. 
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Examining  critically  these  continents,  seriatim^  a  few  of  the 
most  striking  illustrations  will  be  given  : 

1.  Europe :  Placing  one  foot  of  the  compasses,  or  one  end  of  a 
string,  at  the  Scandinavian  focus,  with  a  radius  of  12°,  the  area 
enclosed  will  be  nearly  all  Archaean^  (Hypogene  of  Lyell)  ;  with 
radius  18°,  a  semicircle  from  Iceland  to  the  Urals,  passes  chiefly 
through  Paleozoic  regions,  often  marking  coal  fields,  and,  in  Rus- 
sia, a  great  Permian  area ;  a  radius  of  24°,  from  same  focus, 
reaches  the  Alps  at  Mount  Rosa,  and  marks  probably  the  begin- 
ning of  their  rise  in  Mesozoic  Times,  although  their  latest  height 
was  Ccnozoic.  Crossing  the  head  of  the  Adriatic,  this  d3-namic 
curve  seems  to  have  broken  the  way  for  the  Danube  at  the  '*  Iron 
Gates,'  to  have  formed  the  mud  volcanoes  of  Perekop  in  the 
Crimea,  and  reached  the  south  end  of  the  Urals.  A  radius  of 
about  29°  to  30°  gives  a  belt,  chiefly  Cretaceous,  described  by  Dr. 
Dana  as  extending  1 140  miles,  from  the  Pyrenees  to  the  Caucasus  ; 
while  radius  36°  gives  us  almost  exclusively  Tertiary  from  the 
Straits  of  Gibraltar  along  the  south  shore  of  the  Mediterranean, 
over  Mount  Hermon  to  the  volcano  of  Demavend,  on  the  south 
shore  of  the  Caspian. 

Moving  the  compasses  to  the  later  focus,  in  N.  Hungary,  with 
a  radius  of  24°  we  enclose  the  whole  of  Europe  to  the  Urals  and 
Caspian,  taking  in  also  some  of  N.  Africa  and  part  of  Iceland. 
A  radius  of  3G°  from  this  centre  extends  outside  of  Europe,  but 
embraces  some  important  islands  chiefly  of  Tertiary  formation,  and 
may  have  extended  exactly  to  the  line  which  probably  constituted 
the  north  of  Africa,  when  the  Sahara  was  under  water.  A  con- 
tracted radius  of  1 1°  to  1 2°  from  the  Hungarian  focus  passes  through 
the  Skager  Rack,  Gulf  of  Finland,  Crimea,  Bosphorus,  Gulf  of 
Corinth,  earthquake  regions  of  Calabria,  Stromboli's  fire.  Straits 
of  Bonifacio,  etc.,  to  the  Straits  of  Dover ;  seeming  to  have  been 
seismic  rather  than  geological  in  character  and  effects. 

2.  Asia :  With  the  compasses  in  the  northern  dominant,  and  a 
radius  of  24°,  we  range  from  our  former  initial  focus  in  Scandi- 
navia, through  Middle  Asia,  curving  with,  and  enclosing,  the  Altai 
and  Stanovoi  Mountains ;  while  radius  36°  marks  the  Kuenlun 
range,  and  sweeping  round  to  Behring's  Straits,  leaves,  between 
this  36°  radius  and  the  24°  radius,  the  whole  desert  of  Gobi. 
Transferring  the  compasses  to  the  geographical  centre  in  southern 

•These  details  cnn  be  Trell  traced  on  Sir  R.  Mnrchison's  Geol.  map  of  Euroi>e,  con- 
Btructed  by  A.  K.  Johnston,  F.  E.  S.  £.,  Geographer  to  the  Queen. 
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Siberia,  a  radius  of  24°  follows  the  Urals  and  the  curve  of  the 
Himalayas,  and  also  skirts  the  mountains  east  of  the  Amoor  river. 
This  brings  us  probably  to  that  period  in  the  Mesozoic  when  the 
giant  Himalayas  were  preparing  for  the  grand  Cenozoic  rise, 
which  subsequently  gave  us  the  Miocene  of  the  Siwulik  Hills,  on 
the  southern  flanks  of  the  western  Himalayas.  A  radius  of  86® 
encloses  the  whole  of  Asia,  except  the  peninsulas,  sweeping  fVom 
about  the  geographical  north  pole,  through  Spitzbergen,  also 
tlyough  Scandinavia,  then  midway  of  the  Caspian  by  the  Cutch 
(with  its  grand  Ullah  Bund  upheaval,  fifty  miles  long,  after  the 
earthquake  of  1812),  past  the  mouth  of  the  Irawaddy,  and  round  to 
Kamchatka  ;  finally  to  Behring's  Straits,  marking,  in  its  circuit,  a 
zone,  mostly  Tertiary. 

3.  North  Amei'ica:  The  northern  initial  focus  is  in  or  about 
Boothia  Felix.  From  that  point,  with  the  radius  of  12°,  we  mark 
various  early  geographical  breaks  or  depressions ;  and  with  a 
radius  of  24°,  we  reach  the  southern  point  of  the  Archajan  V- 
shaped  area  near  Lake  Superior,  and  its  junction  with  the  Paleo- 
zoic, as  laid  down  by  Prof.  Dana  in  his  "Manual." 

Other  circles,  from  this  focus,  give  us  a  zone  of  coal  from 
Queen  Charlotte  and  Vancouver  Islands  (some  of  which,  Taylor, 
in  his  great  work  on  coal,  marks  as  of  Carboniferous  age,  although 
most  is  Tertiary  Lignite)  through  the  coal  fields  of  N.  Iowa  and 
Michigan  to  that  of  New  Brunswick.  A  somewhat  more  extended 
radius  of  about  29°  to  30°  connects  the  Mesozoic  of  Kansas  with 
the  New  Red  Sandstone  (Triassic)  of  Connecticut  and  Massachu- 
setts, leaving  a  valley  of  erosion  between. 

Removing  our  centre  to  the  west  shore  of  Lake  Superior,  a 
radius  of  11°  to  12°  gives  us  Silurian  (Lower  and  Upper)  from 
Niagara  to  near  Springfield,  Ohio,  Lexington,  Ky.,  Nashville, 
Tenn.,  dominating  the  geological  structure  in  at  least  the  eastern 
half  of  the  circle,  while  the  west  was  still  under  water.  A  radius 
of  12^  to  13°  marks  the  Appalachian  and  other  coal  fields,  that  of 
15°  IS  Mesozoic,  curving  from  the  Cretaceous  of  Utah  and  Col- 
orado, through  the  intermediate  Greensand  (Lower  Cretaceous) 
of  Arkansas  and  Tennessee  to  that  of  New  Jersey.  A  radius  of 
24°  outlines  the  continent  proper  from  Cape  Breton  and  Cape 
Sable  to  the  Golden  Gates ;  while  with  from  18°  to  24°,  we  pass 
through  the  marine  Tertiary  of  Nevada,  California,  northern  Mex- 
ico, Texas,  Louisiana,  Mississippi,  Alabama,  Florida,  Georgia, 
South  Carolina,  North  Carolina,  Maryland  and  New  Jersey  to 


444       THE  LAW  OF  LAND  FORMING  ON  OUB  GLOBE; 

Martha's  Vineyard  and  Barnstable  (Mass.).  The  circle  of  36" 
embraces  Yucatan  and  Honduras ;  and,  reaching  nearly  to  Lake 
Nicaragua,  it  encloses  several  islands  near  our  Pacific  coast, 
besides  taking  in  part  of  Alaska  and  Greenland.  The  northwest 
peninsula  of  North  America  and  the  northeast  peninsula  of  Asia 
appear  to  belong  rather  to  northern  Ocean ica. 

4.  Africa:  Regarding  this  continent,  suffice  it  to  remark  that  a 
radius  of  24®  extends  from  the  Tropic  of  Cancer  to  the  Tropic  of 
Capricorn,  passing  between  Lakes  Albert  and  Victoria,  Nyanza, 
over  Mt.  Mfumhiro  (10,000  ft.  high)  and  Mt.  Oraatako  (8,800  ft. 
high).  A  radius  of  36**  not  only  defines  the  continent,  passing 
through  the  Straits  of  Gibraltar,  Mediterranean  and  Red  Seas, 
Mozambique  Channel,  aiding  to  separate  Madagascar  from  Africa, 
or  to  elevate  it  at  a  later  period  ;  thence  round  the  Cape  of  Good 
Hope,  enclosing  the  islands  of  St.  Helena,  Ascension,  St.  Paul, 
Capes  Verde  and  Canary,  but  also  passes  between  Madeira  and 
Porto  Santo  (where  LycU  found  a  continental  difference  in  the 
moUusks,  see  Principles,  II  Vol.,  p.  427)  and  reaches  the  place  of 
beginning.  Much  of  the  belt  passes  through  Cenozoic  regions 
and  excludes  the  Quaternary  of  Madagascar,  with  its  gigantic 
^pyornis,  just  as  a  similar  radius  in  Australasia,  excludes  the 
Quaternary  of  New  Zealand,  with  its  Dinornis,  etc. 

It  would  occupy  too  much  space  to  go  into  details  regarding 
South  America,  Australasia  and  Oceanica ;  but  as  far  as  examined, 
the  law  applies  there  also. 

IV.  Fourth  subdivision  of  the  law :  Besides  these  three  modifying 
influences,  toward  the  close  of  the  Mcsozoic  and  beginning  of  the 
Cenozoic,  the  western  Alps  became  a  dynamic  focus,  reaching, 
according  to  Elie  de  Beaumont,  their  present  height  during  the 
Miocene  Period.  Mount  Rosa  is  nearly,  if  not  quite,  the  geo- 
graphical  centre  of  the  entire  dry  land  on  the  globe  ;  and  the  Alps 
connect  with  the  Himalayas  and  Andes,  of  similar  geological 
age,  by  a  great  circle  or  belt  of  .immense  seismic  activit3%  viz., 
along  the  Carpathians  and  flanks  of  the  Caucasus,  near  the  dis- 
turbed regions  of  the  Caspian,  through  Persia  to  the  southern 
slopes  of  the  Himalayas ;  thence  through  the  volcanic  islands  of 
the  Bay  of  Bengal,  the  numerous  volcanoes  of  Sumatra  and  Java, 
near  Sumbawa's  earthquake  region  to  that  of  New  Zealand.  This 
belt  or  zone,  on  the  opposite  side  of  the  globe,  reaches  that  portion 
of  the  Andes,  where  almost  daily  rumblings  are  heard  (about 
Chimborazo) ;  thence,  crossing  the  earthquake  region  of  Vene* 
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zuela,  marks  the  Bitumen  Lake  of  Trinidad,  and  many  active 
volcanoes  of  other  West  India  Islands,  as  well  as  of  the  Azores. 
Demonstration:  A  radius  of  9^  from  Mt.  Rosa  defines  acca* 
rately  the  Miocene  Tertiary  (as  given  on  Murchison's  map)  on  the 
cast  coast  of  England,  also  in  the  middle  of  Denmark ;  through 
Prussia  it  is  Eocene  ;  but  Miocene  again  through  Austria,  S.  Italy, 
oicily,  Algiers  and  vertically  central  Spain.  With  a  radius  of  12'*, 
we  may  follow  the  force  which  probably  aided  in  the  separation  of 
Ireland  from  England,  and  which  is  indicated  by  other  important 
breaks  or  depressions.  With  a  radius  of  36"  we  pass,  from  the 
Miocene  on  the  eastern  flanks  of  the  Urals,  to  that  of  Spitzbcrgen 
•and  of  Greenland.  Contracting  this  radius  somewhat,  we  follow 
the  Carboniferous  and  Permian  of  Russia  also  to  Spitzbergen  and 
Greenlan<l.  The  great  circle,  pointed  out  in  the  law,  as  passing 
from  the  Alps  to  the  Himalayas  and  Andes,  marks  chiefly  tertiary 
regions. 

Summm^ :  The  dynamics  of  land- forming  would  seem,  from  the 
foregoing  demonstrations,  to  comprise  first,  a  longitudinal  force, 
scarcely,  if  at  all,  seismic,  adding  to  continents  chiefly  by  aqueous 
depositions,  inasmuch  as  each  northern  continent,  near  the  termi- 
nation of  the  median  line,  has  a  large  river  delta.  Secondly,  there 
is  an  arctic-antarctic  force  mostly  along  continental  coast  lines, 
and  connected  with  active  seismic  phenomena  of  alternate  eleva- 
tions and  depressions:  apparently  from  these  being  thinner  or 
more  yielding  portions  of  the  earth's  crust  than  at  continental 
elongations.  Thirdly,  in  each  continent  there  are  radii  and  cir- 
cles, connected  with  one  or  two  important  foci,  which  have  aided 
in  defining  the  geographical  limits  of  each  continent,  and  in 
bringing  geological  deposits,  in  successive  curves  of  increase  to, 
or  near  the  surface :  possibly  because  the  wave  impulse,  directly 
under  the  upheaved  plastic  focus,  sends  its  molten  contents  to 
equidistant  circles,  beneath  the  plastic  crust. 

The  geology  of  each  continent,  but  especiall}'  Europe,  has  also 
been  somewhat  modified  by  the  Alpine  central  focus  of  the  dry 
land  hemisphere. 

As  corollaries,  attention  may  be  called  to  two  additional  great 
circles  of  activity,  which  are  secondaries  and  great  circles  of 
illumination  to  those  phases  of  the  ecliptic  which  would  present 
themselves,  if  we  arrest  the  globe,  respectively  at  the  summer  and 
winter  solstice,  when  the  meridian  of  Mount  Rosa  (the  centre  of 
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land)  marks  noon  on  June  21  and  December  21.  This  gives  us 
one  great  circle  from  Bebring's  Straits  to  its  antipodal  antarctic, 
due  south  of  Mount  Rosa ;  almost  defining  the  junction  between 
the  land  and  water  hemispheres ;  the  other  from  Scandinavia,  at 
the  Arctic  circle,  to  the  antipodal  point,  on  the  Antarctic,  which 
will  be  found  due  south  from  Behring's  Straits.  As  these  run 
through  the  northern  hemisphere,  the  course  of  the  more  active 
one  is  from  the  volcanoes  of  Sumatra,  nearly  parallel  to  the 
Asiatic  continental  trend,  formerly  described,  thus  skirting  the 
Japan  Gulf  Stream  ;  thence  they  pass  again,  nearly  parallel  to  the 
west  coast  trend,  through  North  and  South  America ;  whereby  a 
region  or  zone  is  marked  of  Nevada  geysers,  Arkansas  and  Virginia 
Hot  Springs,  Yucatan,  Cuban,  Venezuelan,  Grenadan,  Peruvian  and 
Chilian  volcanic  and  earthquake  regions.  The  course  of  the  other, 
while  running  nearly  parallel  to  the  North  American  east  coast 
trend,  is  from  near  the  thirty-nine  volcanoes  of  Central  America 
to  the  geysers  and  volcanoes  of  Iceland,  thus  skirting,  and  proba- 
bly aiding  to  heat,  our  Gulf  Stream,  while  on  the  opposite  side  of 
the  globe,  this  zone  or  belt  passes  near  the  Hindoo  Kush  and 
western  Himalaya  elevations,  the  disturbed  regions  of  Hindostan 
and  islands  in  the  Bay  of  Bengal  (some  brought  up  within  the 
historical  period)  as  well  as  the  numerous  volcanoes  of  Sumatra. 

As  corollary  of  the  law  that,  as  one  continent  comes  up,  there 
is  usually  a  depression  on  the  opposite  side  of  the  globe,  let  us  fol- 
low the  eastern  Himalayas,  north  through  the  high  Asiatic  Table- 
lands and  observe  on  the  opposite  side  the  depressions  of  Hudson's 
Bay,  our  fresh-water  lakes,  the  Gulf  of  Mexico  and  the  deep  south- 
east Pacific,  devoid  of  islands.  May  not  this  great  depth  of  ocean, 
unobstructed  by  continents  on  the  west,  enable  the  moon  to  create 
here  the  initial,  tidal  wav^,  by  raising  the  water  in  this  part  of  the 
ocean,  somewhat  above  the  general  level,  chiefly  to  follow  her 
apparent  path  west,  but  also  to  send  a  smaller  wave,  obstructed 
partly  by  the  coast  of  Patagonia,  to  extend  round  Cape  Horn  and 
there  meet  the  main  west  coming  tide? 

The  evident  connection  of  these  laws  with  Terrestrial  Maijnet- 
ism,  with  Mineralogy  and  economic  Geology,  Archaeology  and 
Ethnology,  I  leave  for  others  to  elaborate ;  or  possibly,  if  this 
paper  is  considered  as  furnishing  sufficient  demonstrations  to  point 
to  a  law,  further  elucidations  bearing  on  these  collateral  branches 
may  be  attempted  on  my  part,  should  health  be  spared. 
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On  Maximum  Synchronous  Glaciation.    B}'  W.  J.  McGee,  of 
Farley,  Iowa. 

INTRODUCTION  AND  SYNOPSIS. 

The  present  paper  may  be  considered  as  a  review  of  what  is 
known  as  the  "  ice-cap  theorj'."  It  is  trae  that  this  theory,  as 
originally  propounded  by  Adhemar,  has  been  virtually  abandoned  ; 
but  modifications  of  essentially  the  same  theory  are  yet  advocated 
by  some  of  the  ablest  geologists.  Some  analysis  of  the  underlying 
principles  may  not,  therefore,  be  deemed  inappropriate. 

In  Part  I  the  agencies  which  effect  glaciation  are  briefly  outlined  ; 
and  it  is  shown  from  the  mode  of  operation  of  these  agencies  that 
precipitation  over  the  central  portions  of  any  extensive  ice-field 
must  be  very  slight  or  even  niL  Applying  the  same  principles  to 
the  polar  zones  of  the  earth,  it  is  shown  that  under  no  conceivable 
circumstances  could  ice  accumulate  very  thickly'  around  the  poles. 
A  glance  at  the  present  condition  and  past  history  (so  far  as 
known)  of  the  polar  regions,  then  indicates  that  there  is  no  sufi^cient 
reason  for  believing  that  the  polar  regions  were  ever  much  more 
extensively  glaciated  than  at  present. 

Part  II  is  designed  principally  to  show  approximately  (1) 
the  relative  temperature  of  all  parts  of  the  earth  wlien  the  ice 
of  a  glacial  epoch  extends  to  any  latitude ;  (2)  the  greatest 
possible  accumulation  of  ice  at  any  latitude ;  and  (3)  that  the 
presence  of  an  ice-field  at  any  parallel  is  inimical  to  precipitation 
at  any  higher  latitude.  For  the  sake  of  simplicity  it  is,  in  three 
of  the  sections  of  this  Part,  assumed  that  the  climatal  and  meteor- 
ological conditions  arc  identical  on  all  parts  of  the  same  parallel ; 
or,  what  is  equivalent,  that  the  isotherms  and  isobars  are  parallel 
and  separated  by  constantly  uniform  distances.  Such  a  condition 
would  be  much  more  favorable  to  extensive  glaciation  than  that 
which  actually  obtains.  The  influence  which  would  be  exerted  on 
the  earth's  centre  of  gravity  by  such  an  ice-cap  as  that  of  which 
the  dimensions  are  calculated  has  accordingly  not  been  computed, 
as  it  is  undoubtedly  many  times  too  large.  Lest  the  correctness 
of  the  figures  representing  temperatures  under  varying  conditions 
should  be  questioned,  an  additional  section  (Sec.  Ill),  showing 
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that  the  results  are  in  perfect  harmony  with  known  meteorological 
phenomena,  is  appended. 

In  Part  III  the  nature  and  cause  of  ice-motion  are  discussed,  with 
the  object  of  showing  that  the  assumption  of  a  vast  polar  ice-cap 
to  force  outward  the  peripheral  portion  of  the  ice  is  unnecessary 
and  incompetent.  The  viscous  theory  of  ice-motion  is  adopted, 
with  some  modifications ;  and  some  of  the  most  serious  objections 
to  the  theory  are  considered.  As  this  part  is  to  an  extent  spec- 
ulative, it  may  be  stated  that  the  general  conchisions  reached  are 
independent  of  it,  and  will  stand  even  if  the  viscous  theory  of 
ice-motion  be  shown  to  be  incorrect. 


PART  I. 

SEC.  I.     SUMMARY  OF  PRINCIPLES. 
1.     Conditions  of  the  problem. 

Heat  is  the  first  essential. — The  researches  of  recent  years  have 
shown  that  a  diminution  of  the  temperature  of  the  earth,  cw  a 
wholCy  could  not  produce  glaciation.  As  shown  by  Tyndall,  every 
pound  of  ice  piled  up  on  land  represents  an  amount  of  heat  suffi- 
cient to  melt  five  pounds  of  cast-iron  ;  ^  and  the  true  difficulty  lies 
in  accounting  for  the  heat  stored  up  in  the  ice  of  the  glacial 
epoch.     But  heat  alone  will  not  effect  glaciation. 

Necessity  for  a  condenser, — ''  It  is  quite  manifest  that  the  thing 
most  needed  to  produce  the  glaciers  is  an  improved  condenser ;  we 
cpunot  afford  to  lose  an  iota  of  solar  action  ;  we  need,  if  anything, 
more  vapor,  but  we  need  a  condenser  so  powerful,  that  this  vapor, 
instead  of  falling  in  liquid  showers  to  the  earth,  shall  be  so  far 
reiluccd  in  temperature  as  to  descend  in  snow.  The  problem,  I 
think,  is  thus  narrowed  to  the  precise  issue  on  which  its  solution 
depends. "2 

Evaporation  and  precipitation  do  not  occur  togMcr. — Certain 
meteorological  conditions  accompany  profuse  evaporation,  while 
precisely  opposite  conditions  result  from  rapid  condensation.  In 
the  first  case  the  air  is  necessarily  humid  ;  and  as  the  presence  of 
aqueous  vapor  in  the  atmosphere  checks  radiation  from  the  earth 
and  fioni  the  lower  atmospheric  strata,  the  earth's  surface  and  the 

i-IIoat  as  a  Mode  of  Motion,"  Am.  cd.,  p.  17G;  '•Foims  of  Water,**  p.  153. 
» '*  Heat '*  etc.,  p.  170. 
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surrounding  air  are  warmed.  Above  a  region  of  sufficiently  low 
temperature  to  condense  the  aqueous  vapor  in  the  atmosphere 
the  air  is  necessarily  dry,  and  is  hence  diathermous.  The  solar 
heat  is  consequently  radiated  away  directly,  without  raising  the 
temperature  of  the  region.  If  from  other  reasons  the  air  is 
rendered  dry  over  any  region,  it  will  be  lowered  in  temperature ; 
for  each  particle  of  aqueous  vapor  absorbs  heat  16,000  times  as 
rapidly  as  a  like  particle  of  air.^  At  the  same  time  the  temperature 
will  be  rendered  variable,  as  is  the  solar  intensity. 

It  follows  that  profuse  evaporation  and  complete  condensation 
cannot  take  place  over  the  same  region  at  the  same  time ;  and  it 
equally  follows  that  while  the  regions  which  furnish  and  those 
which  condense  vapor  may  be  contiguous,  they  must  be  quite  dis- 
tinct.    This  will  be  incidentally  demonstrated  later. 

2.    CnARACTER  OF  REQUIRED  CONDENSER. 

Material  which  meets  requirements. — There  is  probably  no  other 
substance  than  water  in  the  solid  state  which  will  form  a  condenser 
sufficiently  powerful  to  meet  the  requirements  of  the  problem. 
Ice  preserves  a  temperature  of  32**  at  the  highest,  at  which  temper- 
ature air  is  practically  dry  (see  table  I  and  diagram  I)  ;  and  to 
elevate  its  temperature  one  degree  requires  as  much  heat  as  would 
raise  an  equal  mass  of  iron  1430  degrees.  Then,  when  the  sun  is 
obscured  or  below  the  horizon,  the  stored-up  heat  is  rapidly  poured 
forth  and  dissipated.  Such  a  condenser  operates  in  a  two-fold 
manner:  (1)  It  cools  the  air  by  direct  contact,  and  by  absorbing 
all  heat  radiated  upon  it  by  the  atmosphere ;  and  (2)  it  dries  the 
air  by  lowering  its  temperature  and  thus  precipitating  its  moisture  ; 
and  dry  air  is  but  slightly  affected  by  the  solar  rays. 

Now  such  a  condenser  must  so  far  exceed  in  capacity  any  tax 
that  may  ever  be  placed  upon  it  that  it  will  immediately  condense 
and  congeal  all  moisture  that  may  be  brought  to  it  by  aerial  cur- 
rents ;  for  if  the  vapor  is  not  immediately  condensed  it  will  cut 
off  radiation  from  the  ice  below,  and  thus  accelerate  melting ;  and 
if  the  vapor  is  only  condensed  but  not  congealed  it  will  fall  as  rain, 
and  every  pound  of  it  will  melt  143  pounds  of  ice  before  it  is  itself 
frozen.  The  integrity  of  the  condenser  hence  depends  on  its  capacity 
being  far  in  excess  of  the  work  it  may  he  called  upon  to  perform. 

« Ihid.y  p.  S4«. 
A.  A.  A.  8.,  VOL.  XXIX.  29 
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Form  assumed  by  any  condenser. — The  principles  just  mentioned 
may  be  applied  to  an  assumed  condenser  consisting  of  an  ice- 
sheet  1200  or  1400  miles  in  diameter,  and  situated  on  any  part  of 
the  globe.     The  ice  and  the  air  above  it  would  be  cold,  while  the 
surrounding  surface  and  atmosphere  would  retain  (approximately) 
their  normal    temperature.      Cold   and   dry  winds  would   blow 
from   the  interior  of  the  ice-sheet  outward,  while,  warm,  vapor- 
laden   winds  analogous  to  sea-breezes,   usually   in    the   form  of 
upper  currents,  would  blow  toward  the  ice.     Now,  if  the  quantity 
of  vapor  borne  by  the  latter  currents  were  excessive,  the  outer 
portions  of  the  ice  would  not  be  able  immediately  to  condense  and 
congeal  it.      Hence    radiation  would  be  checked,    the  tempera- 
tures of  the  air  elevated,  and  the  moisture  precipitated  as  rain. 
But  if  the  vapor  were  precipitated  as  rain^  the  margin  of  the  ice- 
sheet  tcould  he  thereby  melted.     If  this  continued,  the   ice-sheet 
would  eventually  be  destroyed.     On  the  other  hand,  if  the  vapor 
were  not  excessive,   all  of  it  would   be  precipitated   near  the 
periphery  of  the  condenser,  and  none  of  it  icoxdd  reach  the  interior. 
For  if  the  vapor-laden  air  were  borne  inward  at  the  rate  of  twenty 
miles  per  hour  (which  is  a  high  estimate)  it  would  require  thirty  or 
thirty-five  hours  for  it  to  reach  the  centre  of  the  ice-field.     Now 
it  is  quite  impossible  that  a  thin  vaporous  stratum  could  so  long 
resist  refrigeration,  surrounded  as  it  would  be  by  air  of  32®  or 
less,  and  continually  retarded  as  it  would  be  also  by  a  cold  counter- 
current ;  for  every  particle  of  vapor  would  lose  its  heat  16,000 
times  as  rapidly  as  a  like  particle  of  air.     If  the  stratum  of  humid 
air  were  thick,  the  heat  radiated  from  its  central  portions  would 
prevent  the  congelation  of  the  outer  portions,  and  the  heat  given 
out  by  the  particles  first  condensed  would  prevent  the  congelation 
of  neighboring  particles  ;  and  moreover  radiation  from  below  would 
be  completely  cut  off.     But  this  again  would  destroy  the  subjacent 
ice-field.     If  the  capacity  of  the  condenser  exceeded  the  tax  put 
upon  it,  as  is  absolutely  essential,  little  if  any  vapor  could  be  carried 
far  within  its  borders.     Even  on  ordinary  land-surfaces  of  consid- 
erable extent  the  normal  precipitation   of  rain  is  much  greater 
along  the  coast  than  inland,  as  well  shown  in  New  South  Wales 
by  H.  C.  Russell  (Rain  and  River  Obs.  in  N.  S.  W.  during  1879. 
Sydney,  1880). 

It  follows  that  on  any  permanent  condenser  the  congealed  moist- 
ure will  not  accumulate  uniformly  over  the  whole  surface,  but  in  the 
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form  of  an  annular  belt  thickest  at  the  margin  and  more  tenuous 
as  the  centre  is  approached,  as  shown  in  the  accompanying  figure 


jr/jti: 


representing  a  section  through  the  centre  of  such  a  condenser  as 
has  been  assumed.  Two  causes  would,  however,  modify  the  form 
of  the  accumulated  mass  of  ice:  (1)  That  property  which  en- 
ables ice  to  flow  as  do  viscous  bodies  (and  which  has  long  since 
been  shown  to  be  largely  dependent  on  the  rate  at  which  heat  is 
received)  would  permit  the  attenuation  of  the  peripheral  portion. 
(2)  It  is  inconceivable  that  the  equilibrium  should  be  so  nicely 
adjusted  that  rain  would  not  sometimes  fall  upon  the  marginal 
portion  of  the  ice-field,  and  remove  some  of  the  ice.  The  outer 
portion  would  hence  assume  some  such  form  as  that  indicated  by 
the  dotted  lines  in  the  figure.  The  highest  point  of  the  annular 
belt  would,  in  any  given  case,  be  difl[icult  to  determine  otherwise 
than  empirically ;  but  it  would  probably  be  many  miles  within 
the  peripher3\ 

The  only  reliable  observations  on  the  slope  of  the  upper  sur- 
face of  an  ice-field,  now  at  hand,  confirm  the  conclusion  reached. 
Dr.  Hayes,  in  exploring  the  Greenland  ice-field,  found  that 
within  the  first  thirty  miles  from  the  outer  limit  of  the  ice- 
sheet  proper,  the  slope  gradually  diminished  from  6°  to  2°;^  and 
at  forty-five  miles  from  the  margin,  Lieut.  Jensen  found  the  slope 
to  be  only  0°  49'.^ 

Necessity/  of  vapor, — But  the  presence  of  a  powerful  condenser 
will  not  alone  produce  glaciation  ;  ample  (though  not  excessive) 
quantities  of  vapor  are  equally  essential.  It  is  known  that 
glaciers  extend  in  wet  seasons  and  contract  in  dry  ones,  and 
that  of  two  mountains  in  the  same  latitude  the  snow-line  sinks 
lowest  on  that  which  has  the  greatest  precipitation ;  also  that 
the  glaciers  extend  lowest  on  that  side  of  a  mountain  range  (as 
in  the  Himalayas,  the  Rocky  Mountains,  and  the  Southern  Alps 
of  New  Zealand)  which  faces  the  vapor-source.     Professor  Dana 

*"  Open  Polar  Sea,'»  p.  134.    Cited  by  Dr.  Croll,  "Climate  and  Time,"  Am.  ed.  p.  379. 
•  Am.  Jour,  5ct.,  [3]  XIX,  417. 
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has  shown  in  the  Ameri4)an  Journal  of  Science  that  the  thickness 
of  the  American  quateiiiary  ice-sheet  corresponded  in  a  general 
way  with  the  present  rainfall,  and  that  where  the  precipitation 
is  very  slight  the  ice  did  not  accumulate,  as  in  the  western  plains 
and  in  the  Wisconsin  driftless  region.  The  absence  of  glacial 
indications  in  many  arctic  regions,  in  northern-central  Asia,  and  in 
other  localities,  is  undoubtedly  due  to  the  same  cause.  It  is  solely 
the  necessity  for  vai)or,  indeed,  that  prompts  Professor  Tyndall 
and  others  who  have  intelligently  studied  glacial  physics,  to 
conclude  that  a  diminution  of  terrestrial  temperature  could  never 
produce  glaciation.  But,  as  just  shown,  excess  of  vapor  is  as 
fatal  to  the  accumulation  of  ice  as  an  insufficient  supply.  If  an 
ice-sheet  is  decreasing,  we  may  be  certain  that  it  is  in  consequence 
either  of  an  over-supply  or  an  under-supply  of  moisture ;  but 
we  cannot  a  priori  determine  which. 


SEC.  II.  PRESENT  AND  PAST  CONDITION  OF  POLAR  REGIONS. 

1.    Arctic  Regions, 

Present  condition, — Properly  speaking,  continental  glaciation  is 
not  now  in  progress  in  arctic  regions,  though  there  are  extensive 
local  glaciers  in  Greenland  which  serve  to  convey  an  inadequate 
idea  of  the  immensity  of  the  prehistoric  ice-sheet.  Precipitation 
is  in  excess  of  evaporation  in  the  north-frigid  zone,  just  as 
evaporation  is  in  excess  in  the  torrid  zone.  Nearly  all  the  vapor 
precipitated  in  northern  polar  regions  must  indeed  be  brought  in 
from  lower  latitudes.  Local  evaporation  must  be  insignificant, 
since  the  temperature  is  low,  and  since  a  great  proportion  of  the 
surface  consists  of  dry  land.  But  only  an  insignificant  portion 
of  the  moisture  borne  northward  by  the  warm  upper  currents  ever 
reaches  the  polar  zone,  as,  owing  to  their  position,  the  heat 
conveyed  by  these  currents  is  rapidly  dissipated  into  interstellar 
space,  and  their  vapor  precipitated  ;  so  that  when  the  upper  current 
finally  descends,  the  air  is  dr}'.  Precipitation  is  therefore  limited. 
Dr.  Weikoff  says^  : — 

"Discussion  and  analysis  of  rrofessor  Coffin's  •*  Winds  of  the  Globe,"  SmUh»anian 
Contributions  to  Knowledge^  Vol.  XX,  p.  GSO.  For  the  use  of  this  volume  the  writer  is 
indebted  to  the  Hon.  Secretary  of  the  Smithsonian  Institute,  Prof.  S.  F.  Baird. 
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"  The  constancy  of  the  polar  current  in  Northern  Greenland  is 
indirectly  proved  by  the  small  precipitation  of  rain  and  snow. 
The  quantity  of  snow  falling  at  Polaris  Bay  and  Lifeboat  Cove 
was  scarcely  measurable,  according  to  Dr.  Bessels.  He  thinks  the 
glaciers  of  Northern  Greenland  are  the  remnant  of  a  former  age, 
when  the  climate  was  different.  The  snow  and  ice  that  melt  every  * 
summer  are  not  now  replaced  by  new  snow,  so  that  the  glaciers 
must  be  decreasing." 

It  is  probable,  though,  that  during  some  seasons  the  precipita- 
tion  is  in  excess  of  the  melting.  No  one  can  doubt,  for  instance, 
that  precipitation  was  much  more  abundant  over  and  inland  from 
the  open  polar  sea  seen  by  Hayes  than  over  and  around  the  paleo- 
crystic  sea  seen  in  the  same  place  by  Sir  George  Nares.  There 
is  at  any  rate  no  evidence  that  the  climate  has  been  more  favora- 
ble for  glaciatlon  than  now  within  recent  times. 

The  fact  that  reindeer  cross  the  great  Humboldt  glacier  every 
season  has  led  to  a  belief  that  the  climate  of  Northern  Greenland 
is  actually  less  inhospitable  than  that  of  the  central  part  of  the 
same  island.  Such  a  belief  was  indicated,  with  some  of  the 
grounds  on  which  it  is  based,  by  the  President  of  the  Royal 
Society  in  his  annual  address  for  1877.  If  there  is  such  a  habita- 
ble region  near  the  pole  it  must  be  due  to  the  precipitation  of 
nearly  all  vapor  at  lower  latitudes,  which  prevents  the  accumula- 
tion of  ice.  As  has  been  shown,  either  lack  of  vapor  or  excess  of 
vapor  may  prevent  the  accumulation  of  ice ;  but  it  is  not  excess 
of  vapor  that  prevents  accumulation  in  arctic  regions.  Though 
the  temperature  is  quite  low  enougl^  to  precipitate  nearly  all 
moisture  which  the  air  can  possess,  there  is  very  little  precipita- 
tion ;  and  moreover  the  greater  part  of  the  small  precipitation  is 
not  rain  but  snow — a  fact  which  furnishes  prima  facie  evidence 
that  the  condensing  capacity  of  the  ice-covered  regions  is  not 
overtaxed. 

Past  condition. — But  the  arctic  regions  are  now  about  as  favor- 
ably situated  for  receiving  moisture  from  more  southerly  latitudes, 
or  from  any  other  source,  as  they  ever  have  been,  unless  (1),  the 
temperature  has  been  elevated  by  the  diminution  of  ice,  or  (2), 
the  distribution  of  sea  and  land  has  been  materially  different  from 
the  present.  The  first  of  these  possibilities  does  not  affect  the 
question  at  issue  ;  and  it  has  not  been  shown  from  geological  evi- 
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dence  that  the  distribution  of  sea  and  land  was  very  greatly  dif- 
ferent, during  the  glacial  epoch,  from  the  present.  There  are  now 
no  equatorially-situated  ice-fields  to  cut  off  the  vapor  supply,  nor 
any  other  influence,  aside  from  the  gradual  diminution  of  temper- 
ature toward  the  poles,  to  prevent  the  accumulation  of  ice  in 
northern  regions.  Both  aerial  and  aqueous  currents  tend  to  re- 
duce the  difference  between  polar  and  equatorial  temperatures ;  and 
these  currents  must  be  about  as  efficient  now  as  they  ever  were. 
Dr.  CroU  calculates  that  the  Gulf-stream  conveys  nearly  one-half 
as  much  heat  to  the  arctic  regions  as  is  received  directly  from  the 
sun  by  the  same  regions.^  The  Kuro  Si  wo  similarly  transfers  a 
portion  of  the  heat  of  the  tropics  to  higher  latitudes,  and  materi- 
ally modifies  the  climate  of  northwestern  North  America; — the 
mean  temperature  of  Sitka  being  higher  than  that  of  St.  Louis,^ 
though  the  former  is  more  than  eighteen  degrees  farther  north  than 
the  latter.  The  effectiveness  of  these  and  other  vehicles  of  warmth 
and  moisture  was  probably  never  much  greater  than  to-day.  Hence 
if  now,  under  the  present  favorable  conditions,  the  arctic  regions 
do  not  receive  sufficient  moisture  to  form  a  continuous  polar  ice- 
field, it  may  reasonably  be  doubted  whether  ihey  ever  did. 

Furthermore,  the  geological  evidence  of  extensive  glaciation  in 
arctic  regions  is  either  wanting,  or,  at  the  least,  ambiguous  and 
equivocal.  Thus,  Dall  not  only  found  bones  of  Pliocene  mammals 
lying  undisturbed  and  unbroken  upon  the  surface  in  Alaska,  but 
(though  an  accomplished  geologist)  failed  to  find  the  slightest 
evidence  of  glacial  action.*  The  bones  of  Pliocene  animals  so 
abundantly  found  in  northern  Asia  seem  to  be  destitute  of  glacial 
markings,  and  are  found  in  such  positions  as  they  would  not  be 
likely  to  occupy  if  glaciation  had  taken  place  since  their  accumu- 
lation. The  geological  age  of  the  tree  found  by  Sir  Edward 
Belcher  in  lat.  75**  32'  N.,  long.  92°  W.io  is  doubtful ;  but  there 
seems  to  be  some  reason  to  believe  that  its  age  is  that  of  the 
*' forest  bed"  of  both  sides  of  the  Atlantic.^^    If  this  be  so  (as 

T  "Climate  and  Time,"  p.  27. 

•  Dr.  Wcikoff,  op.  cit.,  p.  fi88. 

»  Wljympei'8  •* Travels  in  Alaska.**    Appendix. 

10  "  The  latt  of  the  Arctic  Voyage^/'  Vol.  I,  p.  381.  "  British  Association  Report  for 
18W.*'  p.  381.    Cited  by  Croll,  "  Climate  and  Time,"  p.  205. 

"Dr.  Newberry,  "  Geological  Survey  of  Ohio."  1874,  Vol.  II,  pt.  I,  p.  3.  Aathor,  Am, 
Jour.  Set.,  Vol.  XVI,  p.  339;  also  Proceedings  of  the  American  Association^  Vol.  XXVU. 
p.  108. 
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Dr.  Croll  also  seems  to  consider),  glaciation  must  have  taken  plac6 
in  north-temperato  countries  since  tlie  tree  reached  maturity  ;  but 
its  presence  furnishes  the  best  possible  evidence  that  the  glacia- 
tion did  not  extend  to  that  high  latitude.  As  shown  by  the  Bev. 
Prof.  S.  Haughton,  from  the  geological  observations  of  McClin- 
tock's  voyage,  the  bowlders  of  the  arctic  archipelago  were  carried 
northward  ;^^  and  it  was  long  ago  pointed  out  by  Sir  Charles  Lyell 
that  Scandinavia,  Scotland,  Labrador,  and  other  elevated  regions 
formed  independent  centres  of  dispersion  of  erratics  during  the 
glacial  period, ^3  as  could  not  happen  if  a  polar  ice-cap  occupied 
higher  latitudes.  During  any  glacial  period,  indeed,  the  ice  in 
temperate  regions  would  cut  off  the  supply  of  moisture  previously 
borne  northward,  in  accordance  with  the  principles  which  tend  to 
prevent  the  accumulation  of  ice  in  the  central  portions  of  any  ex- 
tensive ice-field.  It  is  accordingly  extremely  doubtful  whether 
the  arctic  regions  were  ever  much  more  extensively  glaciated  than 
now. 

2.  Antahctic  hegioks. 

Present  condition. — Regarding  the  character  of  the  antarctic 
continent,  but  little  has  been  positively  determined.  '^It  seems, 
so  far  as  is  at  present  known,  that  the  whole  of  the  antai*ctic  land, 
low  and  high,  as  well  as  the  ice-cap  of  which  a  portion  of  the 
continuous  continent  may  consist,  is  bordered  to  some  distance 
by  a  fringe  of  ice,  which  is  bounded  to  seaward  by  a  perpendicular 
ice-cliff,  averaging  230  feet  in  height  above  the  sea-level.  Outside 
the  cliff  ajloe,  which  attains  near  the  barrier  a  thickness  of  about 
twenty  feet,  and  in  some  places  by  piling  a  considerably  greater 
thickness,  extends  northward  in  winter  to  a  distance  varying  ac- 
cording to  its  position  with  reference  to  the  southward  trending 
branches  of  the  equatorial  current;  and  this  floe  is  replaced  in 
summer  by  a  heavy  drifting  pack,  with  scattered  icebergs."^'* 

The  ice  extends  much  farther  from  the  pole  than  in  the  northern 
hemisphere,  and  forms  what  appears   to  be  a  true  continental 

»«*'In  the  Arctic  Seas,"  Philadelphia  (author's  edition),  Appendix,  p.  3C8. 

"See  "  Antiquity  of  Man,"  last  edition. 

>«  Sir  Wy villc  Thomson,  in  address  before  the  Geog.  Section  of  the  British  Asiocia* 
tfon,  Dublin  meeting.  Biit.  Assoc.  Rep.,  1878,  p.  G19.  Nature,  Aug.  22, 1878.  Copied 
from  Am,  Jour.  Sci.,  Vol.  XVI,  No.  XCV,  p.  356. 


456  MAXIMUM   8TNCHROMOUS  6LACIATI0N  ; 

glacier  averaging  nearly  2200  miles  in  diameter,  and  covering 
at  least  the  peripheral  portion  of  an  area  of  about  4,700,000 
square  miles,  according  to  Sir  Wyville  Thomson.  Aside  from 
fdl  extra-telluric  agencies  (which  seem  to  be  necessary  for  the 
inauguration  of  glacial  epochs  proper,  but  which  do  not  in 
any  way  affect  the  question  under  consideration),  it  is  mani- 
fest, in  accordance  with  glacial  physics,  that  the  considerable 
accumulation  of  ice  here  is  due  to  the  great  quantities  of  moistnre 
borne  thither  by  winds  and  precipitated  as  snow  upon  the  vast 
ice-masses  already  formed .  But  the  ice  has  not  reached  the  greatest 
possible  thickness ;  for  it  falls  far  short  of  that  attained  by  the 
quatcmoiy  ice-sheet  in  North  America.  As  in  the  northern  hem- 
isphere, too,  the  precipitation  is  chiefly  of  snow.  Therefore  it 
must  be  only  lack  of  sufficient  quantities  of  vapor  that  prevents 
the  accumulation  of  still  greater  masses  of  ice. 

There  is  a  remarkably  constant  and  uniform  belt  of  low  baro- 
metric pressure  extending  around  the  globe  at  about  S.  lat.  65**,  as 
shown  by  Bachan.  Unlike  the  regions  of  low  barometer  in  other 
portions  of  the  globe,  this  belt  remains  constant  in  spite  of  the 
fluctuations  of  the  seasons.  To  this  region  of  low  pressure,  which 
corresponds  roughly  with  the  antarctic  glacier-margin,  and  is  un- 
doubtedly largely  due  to  its  presence,  the  winds  blow  regularly 
from  both  north  and  south.  The  northerly  winds  bear  thither 
the  vapor  from  temperate  oceans,  and  it  is  precipitated  on  the 
peripheral  ice-belt.  If  any  vapor  is  formed  within,  over  the 
interior  of  the  ice-region,  it  is  borne  outward  and  deposited  with 
that  brought  from  the  opposite  direction  ;  and  this  polar  current, 
refrigerated  by  contact  with  the  ice,  tends  to  check  the  bringing 
in  of  vapor,  and  aids  also  in  its  congelation.^^ 

Now  we  cannot  imagine  a  condenser  in  high  latitudes  to  be 
more  favorably  situated  for  receiving  moisture  than  is  the  antarc- 
tic ice-field,  surrounded  on  all  sides  as  it  is  with  warmer  seas,  and 
consectaneous  as  its  margin  is  with  the  median-line  between  two 
of  the  wind-systems  of  the  globe,  which  bear  thither  and  pile  up 
in  snow  all  the  moisture  with  which  they  are  charged.  Yet  here 
we  find  a  glacier  not  over  1400  feet  in  thickness  at  the  margin, 

^*  The  constancy  and  strength  of  these  currents  are  imperfectly  shown  in  Coffin's 
"  Winds  of  the  Globe."  They  are  Just  such  winds  as  would  be  formed  by  the  presence 
of  an  ice-field  on  any  part  of  the  globe. 
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and  rising  with  a  gentle  slope  as  far  as  the  eye  can  reach  toward 
the  interior  —  perhaps  half  a  degree,  and  certainly  not  much  more 
than  a  degree  in  any  case.  It  has  been  supposed  that  the  upward 
slope  continues  to  the  pole ;  but  this  seems  to  be  a  wholly  gra- 
tuitous assumption,  which  is  disproved  not  only  by  the  known 
meteorological  laws  already  detailed,  but  by  the  observation  of 
explorers.  Sir  Wyvillo  Thomson,  whose  opportunities  for  inves- 
tigating this  matter  were  unrivalled,  believes  that  the  ice  is  not 
even  continuous  within  the  outer  circumscribing  belt. 

Past  condition. — We  have  no  means  of  ascertaining  the  past 
history  of  the  antarctic  continent  from  the  geological  record ;  but 
it  is  quite  certain  that  it  never  could  have  been  more  favorably 
situated  for  glaciation  than  to-day;  and  hence,  unless  meteoro- 
logical laws  were  widely  different  in  the  past  from  those  now  ob- 
taining, that  it  never  could  have  been  much  more  deeply  covered 
with  ice  than  now.  If  the  antarctic  ice-cap  ever  extended  so  far  as  to 
spread  over  parts  of  Africa  and  South  America,  the  precipitation 
of  moisture  must  have  taken  place  along  the  outer  margin  of  the 
ice,  and  none  could  have  been  carried  within  it  to  the  latitudes 
DOW  bounding  the  southern  ice-cap. 

Conclusion. 

The  foregoing  statement  of  principles  and  review  of  facts  war- 
rant the  provisional  conclusion  that  the  polar  regions  are  about  as 
eaiensively  glaciated  to-day  as  they  ever  can  have  been. 


PART  II. 

SEC.  I.  —  CLIMATAL  EFFECT  OF  AN  ICE-CAP  EXTENDING  TO 

ANY  LATITUDE. 

1.  Distribution  of  heat  will  be  stopped. 

•  Marine  currents. — An  immense  amount  of  heat  is  annually  car- 
ried within  the  arctic  and  antarctic  circles  by  ocean  currents ;  and 
the  climate  of  all  northern  lands  is  very  considerably  ameliorated 
through  the  influence  of  these  vehicles  of  heat,  as  admirably 
shown  by  Croll ;  —  indeed  this  physicist  insists,  and  apparently 
with  good  reason,  that  if  oceanic  circulation  were  stopped,  tho 
climate  of  the  globe  would  be  BO»changed  that  it  would  no  longer 
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be  habitable  for  existing  orders  of  beings.  Now  it  is  manifest 
that  if  a  continuous  ice-cap  extended  to  any  distance  from  the 
pole,  marine  cuiTcnts  would  be  inoperative  anywhere  within  its 
outer  margin.  The  stoppage  of  this  heat-distributing  agency 
would  materially  increase  the  difference  in  temperature  of  equator 
and  poles. 

Aerial  currents. — Winds,  especially  when  vapor-laden,  play  an 
important  part  in  the  distribution  of  the  equatorial  heat  over  the 
surface  of  the  globe ;  and  as  they  are  operative  alike  over  the 
whole  of  the  terrestrial  surface,  it  is  probable  that  their  effect  is 
approximately  commensurate  with  that  of  marine  currents.  But, 
as  intimated  in  Part  I,  if  an  ice-cap  extended  to  any  latitude,  the 
winds  from  without  would  blow  only  to  its  margin,  where  they 
would  be  met  by  a  cold  counter-current  from  the  interior,  just  as 
is  now  the  case  in  the  antarctic  ice-field.  In  arctic  regions  too,  as 
stated  by  Dr.  WeikofT,  high  barometric  pressure  coincides  with 
low  temperature.  This  gives  rise  to  a  gentle  but  constant  polar 
current;  or,  when  the  pressure  is  less,  simply  prevents  the  in- 
blowing  of  equatorial  winds.  The  same  eminent  meteorologist 
states  that  the  proportion  of  calms  increases  with  the  augmentation 
of  barometric  pressure  and  diminution  of  temperature.  "  Arctic 
America,"  he  says,  ^^  is  noted  for  its  fVequent  calms  in  the  colder 
part  of  the  year — a  feature  observed  by  nearly  all  who  have 
wintered  in  these  regions."  ^^  Dr.  Bessels  found  that  at  Lifeboat 
cove  during  the  winter  of  1872-3  there  were,  on  an  average  for 
seven  months,  140  hours  out  of  1,000  during  which  "  a  self-regis- 
tering wind-vane  did  not  indicate  any  movement  of  air  whatever."  ^^ 
"  PaiTy  and  Barrow  believed  that  a  perfect  calm  exists  at  the  pole." 
It  is  accordingly  safe  to  assume  that  the  winds  on  any  extensive 
polar  ice-cap  would  consist  of  gentle  polar  under-currents,  in- 
creasing in  force  toward  the  margin  of  the  ice,  and  equally  gentle 
upper  currents  of  dry  air  moving  toward  the  interior. 

Elimination  of  aqueous  vapor. — The  eflBciency  of  aerial  circula- 
tion in  distributing  the  tropical  heat  over  the  surface  of  the  globe 
is  mainly  dependent  on  the  aqueous  vapor  intermingled  with  the  air. 
But  the  vapor  would  be  practically  eliminated  from  the  air  over  an 
ice-field  in  consequence  of  the  low  temperature  which  it  would  be 
forced  to  assume.  If  the  vapor  were  not  eliminated,  the  ice  would 

MDitcuBBion  and  analyalB  of  Coffin's  "  Winds  ol  the  Globe/'  Smitkionian  ContrOnW' 
tiaru,  Vol.  XX,  p.  077. 
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be  melted,  as  already  shown.  The  air  being  rendered  dry  and 
hence  diathermous,  the  aerial  currents  which  continued  to  exist 
over  the  ice-field  would  be  practically  inefficacious  in  distributing 
the  heat  derived  from  the  sun. 

Throughout  this  paper  it  will  be  assumed  that  (a)  the  amount  of 
vapor  ill  tlic  atmosphere,  (6)  the  precipitation  at  any  latitude,  and 
(c)  the  cfliciency  of  aerial  currents  as  heat  carriers,  are  proportional 
to  the  temperature.  One  object  in  so  doing  is  to  keep  all  conclusions 
well  within  bounds.  Actually  the  vapor-tension,  or  elastic  force  of 
vapor,  decreases  in  a  decreasing  ratio  with  the  temperature,  as 
shown  in  the  following  table  and  diagram.  "The  elastic  forcei 
may  be  regarded  as  representing  approximately  the  absolute 
quantity  of  vapor  suspended  in  the  atmosphere."*®  Precipitation 
rarely  occurs  except  when  the  point  of  saturation,  or  dew-point, 
is  exceeded.  But  the  atmosphere  is  less  frequently  saturated  in 
polar  than  in  equatorial  regions,  as  attested  by  the  less  frequent 
precipitation.  As  already  shown  (Part  I,  Sec.  II),  the  precipe 
itation  in  arctic  regions  is  almost  nil  in  winter,  and  very  slight  in 
summer.  Even  the  table  and  diagram,  therefore,  present  too 
favorable  a  showing.  On  the  other  hand,  however,  the  heat-ab- 
sorbing and  conveying  power  of  perfectly  dry  air  will  be  disre* 
gai-ded.  Tliis  will  bo  more  than  counterbalanced  by  the  former 
allowance. 

TABLE  I. 
J'apor'temion  at  variout  iemperaturts. 
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Table  I  is  condensed   from  table  VI,  of  class  II  (Ilygromet- 

"  A.  Buchan  on  *'  Atmosphere,**  in  Encyc.  Brit.,  9tli  cd.,  vol.  Ill,  p.  32. 
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ricol  Tables)  in  Smilltsonian  AfUcdlaneoua  Colkcliona;  by  Arnold 
Gujrot,  1854.  That  table  exbibits  the  "  ElKstio  force  of  aqueous 
vapor,  expressed  in  Englieh  inches  of  mercury  for  temperatures  of 
FahrenbeiL  Reduced  from  Bcgnault's  table."  Diagram  I  ex- 
hibits the  relation  graphically ;  inches  of  mercury  being  repre- 
sented by  abscissfe,  and  temperatures  by  ordluates. 
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Conclusion. — lurlew  of  tbe  foregoing  considerations  it  seems 
safe  to  conclude  that  the  ordinary  and  most  efficient  bent-distribut- 
ing  agencies  would  be  wholly  inoperative  over  any  cxten  give  ice- 
field. 

2.   DlBECT  LOSS  OP  HEAT  WILL  BE   AUGMENTED. 

Iticreased  radiation. — The  earth  dissipates  energy  in  tbe  form 
of  beat  us  rapidly  as  it  is  supplied  by  tlie  sun  and  the  stars; 
but  its  physical  constitution  is  such  that  normally  the  solar 
heat  is  not  immediatdy  radiated  away.  In  consequence,  the  ex- 
terior portions  of  tbe  earth  are  considerably  elevated  in  tempera- 
ture. This  storing  up  and  utilization  of  the  solar  energy  are 
mainly  accomplished  by  the  protecting  envelope  of  aqiieons  vapor 
which  surrounds  the  greater  portion  of  the  earth.  When  the  air  is 
dry  {and  consequently  practically  dinthermous,  as  shown  by 
Tyndatl — "Heat,"  etc.,  p.  S4G)  the  solar  heat,  though  ponring 
upon  the  earth's  surface  with  undiminished  fenor,  is  just  as 
rapidly  thrown  back  upon  the  interstellar  ether  and  lost  to  the 
earth.    Thus  in  Sahara,  though  the  heat  of  the  sun  is  paioAil,  the 
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nights  are  so  cold,  in  consequence  of  the  unchecked  radiation, 
that  ice  sometimes  forms  over  exposed  water-surfaces ;  and  the  daily 
range  of  the  thermometer  is  so  great  (sometimes  70^  or  more)  as 
to  cause  serious  apprehension  in  the  minds  of  the  engineers  of  a 
proposed  railway  that  the  resulting  expansion  and  contraction  of 
the  rails  would  be  fatal  to  stability  of  the  track. *^  In  south-central 
Africa,  Dr.  Livingstone  found  the  thermometrical  range  fVom 
sunrise  to  noon  to  be  48®.  ^^  In  central  Australia,  Captain  Sturt 
found  the  range  of  temperature  from  sunrise  to  mid-day  to  reach 
sometimes  53®  or  even  56®;  and  in  one  case  the  thermometer 
varied  72®  within  twenty-four  hours .^^  These  figures  show  that 
where  the  atmosphere  isdiathermousfirom  any  cause,  the  temperar 
ture  varies  much  more  nearly  as  the  solar  intensity  than  where  the 
air  is  humid.  In  arctic  regions  the  same  tendency  is  very  strikingly 
manifested.  Pitch,  on  the  sides  of  a  vessel,  has  been  seen  to  melt  by 
solar  action,  while  the  surrounding  air  was  below  the  freezing- 
point  ;  ^  and  the  difference  between  the  reading  of  a  thermometer 
exposed  to  the  solnr  rays  and  the  actual  temperature  of  the  air 
has  been  found  to  be  as  high  as  80®. 

Snow-  and  ice-covered  surfaces  dissipate  heat  much  more  rapidly 
than  land-surfaces  equally  destitute  of  vaporous  covering.  "  Of 
the  numerous  wonderful  properties  of  water,  not  the  least  impor- 
tant is  this  extraordinary  power  which  it  possesses,  in  all  Us  states 
of  aggregation^  of  discharging  the  motion  of  heat  upon  the  iilter- 
stellar  etiier."  ^  During  the  intense  cold  following  snowstorms  in 
the  northwestern  states,  when  the  mercury  is  far  below  zero 
or  perhaps  solidified,  the  air  is  so  nearly  free  from  vapor  that  the 
blinding  glare  of  the  sun  is  painful ;  yet  so  perfect  is  the  radiation 
that  the  solar  rays  may  pour  upon  freshly-fallen  snow  sheltered 
from  the  wind  for  the  whole  day  without  perceptibly  softening  it. 
The  air  may  not  be  abnormally  dry  at  such  times,  either,  but  may 
be  fully  saturated,  as  attested  by  solar  parhelia,  and  by  a  constant 
shower  of  minute  scales  and  spiculse  of  ice,  which  can  be  seen  glis- 
tening in  the  sun  as  high  as  the  eye  can  reach.  Besides  radiating 
so  readily  while  exposed  to  solar  action,  ice  absorbs  heat  without 
becoming  sensibly  warmed  thereby ;  and  when  the  sun  is  below 

>•  Scientific  American,  vol.  XXXIX,  p.  373. 
«»  Citetl  by  Tyndall,  "  Heat,"  etc.,  p.  348. 
"  Op.  cit.,  349. 

"Scoresby,  "  Arctic  Regions,"  vol.  II,  p.  870,  cited  by  CroU,  "  Climate  and  Time,'' 
p.  58. 

"  Tyndall,  "  Heat,"  etc.,  p.  840. 
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the  horizon  the  heat  80  stored  is  radiated  away  with  equal  facility. 
Indeed,  it  will  be  seen  from  a  subsequent  table  that  it  is  extremely 
doubtful,  if  the  earth  were  blanketed  with  ice,  and  its  own  proper 
heat  cut  off,  whether  melting  would  ever  take  place. 

It  will  be  shown  in  Sec.  Ill  that  any  increase  in  annual  or 
dinmal  thermometrical  range  is  accompanied  by  a  diminution  of 
mean  temperature. 

Reflection  from  8nov>-covered  surfaces. — Reliable  data  as  to  the 
exact  proportion  of  incident  heat  reflected  from  snow-  and  ice- 
covered  surfaces  are  not  at  hand ;  but  both  reflect  light  effectively ; 
and  as  the  law  of  the  reflection  of  heat  is  "  precisely  the  same  as 
that  of  light,"  34  it  seems  probable  that  heat  also  is  reflected  with 
equal  facility.  Franklin's  well-known  experiment,  of  placing 
differently  colored  pieces  of  cloth  on  snow  and  noting  the  melting 
nnder  each  in  order  to  determine  the  heat-absorbing  capacity  of 
the  several  colors,  would  also  equally  exhibit  the  radiating  and 
reflecting  power  of  each  as  compared  with  that  of  snow,  if  meas- 
urements were  properly  made.  That  earth  drifted  from  ploughed 
fields  during  wind-storms  greatly  facilitates  the  melting  of  the 
snowbanks,  over  which  it  is  spread,  is  known  to  every  resident  of 
northern  United  States ;  Lieut.  Weyprecht  found  that  a  heap  of 
ashes  or  of  the  excreta  of  bears  caused  the  melting  of  spots  in  the 
field  of  ice  which  enclosed  the  Tegetthoff,  during  the  late  Austro- 
Hungarian  expedition,  and  that  sometimes  these  materials  sank 
entirely  through  the  ice ;  ^5  a  serrate  or  lobate  leaf  will  sink  an 
inch  below  the  surface  of  an  ice-covered  pond,  while  the  melting 
of  the  surrounding  ice  is  so  slight  that  the  cavity  retains  the  pre- 
cise outline  of  the  leaf;  and  we  arc  even  told  in  text-books  that  in 
certain  mountainous  parts  of  northern  Europe  the  farmers  spread 
Boot  and  black  earth  over  the  snow  covering  the  fields  in  spring  to 
hasten  its  melting.  In  each  of  these  cases  radiation  and  reflection 
coordinately  produce  the  observed  effect :  but  just  what  part  is  to 
be  attributed  to  each  is  difficult  to  determine. 

Pending  the  results  of  certain  experiments  which  have  been 
instituted  to  determine  the  actual  proportion  of  heat  radiated  from 
ice  and  snow,  it  may  be  assumed  that  the  ratio  is  25  per  cent. ; 
and  this  allowance  will  be  made  in  the  tables  and  diagrams  of 
succeeding  sections.  It  seems  scarcely  possible  that  this  estimate 
is  too  large  ;  but  if  it  is,  the  excess  is  doubtless  more  than  counter- 

•*/Wd.,p.228. 

t» «  Die  Metamorphosen  des  Polareises/*  S«c  Kaiure,  Oct.  10, 1870,  p.  573. 
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balanced  by  the  radiation,  which  will  be  disregarded.  It  should 
be  borne  in  mind  that  if  the  storing-up  of  heat  by  its  saperficial 
portions  were  stopped,  and  the  effect  of  interior  heat  eliminated, 
the  exterior  of  the  earth  would  assume  the  temperature  of  stellar 
space,  or — 239.° 

Atmospheric  absorption. — It  is  usually  considered  that,  in  conse- 
quence of  the  oblique  passage  of  the  solar  rays,  the  polar  atmos- 
phere absorbs  more  of  the  solar  heat  than  the  tropical  atmosphere ; 
but  it  is  probable,  in  view  of  that  rapid  sifting  out  of  discordant 
rays  which  was  observed  by  Melloni  and  clearly  illustrated  by 
Tyndall,  that  nearly  all  of  the  absorption  not  due  to  contained 
aqueous  vapor  takes  place  within  the  upper  strata  of  the  atmos- 
phere. Eliminating  the  agency  of  aqueous  vapor,  therefore,  it  is 
probable  that  the  difference  in  thickness  traversed  does  not  exer- 
cise much  influence  upon  the  heat-absorbing  power  of  the  atmos- 
phere. But  aqueous  vapor  is  less  abundant  in  polar  than  in 
equatorial  regions.  Atmospheric  absorption  may  therefore  be 
disregarded. 

Conclusion, — In  view  of  the  considerations  detailed  in  thig 
section  it  may  safely  be  concluded  that  over  any  continental  ice- 
field the  heat-distributing  agencies  which  now  modify  terrestrial 
climate  would  be  eliminated  or  rendered  inoperative ;  and  that  the 
temperature  of  the  various  portions  of  such  a  region  would  be  that 
due  to  the  direct  accession  of  heat  from  the  several  sources,  minu9 
the  increased  loss  by  direct  reflection  and  immediate  radiation. 

SEC.  II.— ABSOLUTE  TEMPERATURE  OF  A  HEMISPHERE  BEAR- 
ING AN  EXTENSIVE  POLAR  ICE-FIELD. 

1.  Temperature  if  aerial  and  aqueous  circulation  were 

stopped  from  equator  to  pole. 

Actual  temperature  of  the  earth. — Though  published  nearly 
thirty  years  ago  the  late  Professor  W.  H.  Dove's  determinationst 
of  the  temperature  of  the  globe  have  not  been  superseded,  but 
form  the  standard  in  use  to-day.  Table  II  exhibits  the  temper- 
ature of  the  northern  hemisphere  and  of  the  whole  earth,  as 
recorded  in  Professor  Dove's  "  Verbreitung  der  Wiirme  auf  der 
Oberflache  der  Erde,"  in  degrees  Reaumur  and  reduced  to  degrees 
Fahrenheit;  and  the  same  temperatures  are  graphically  repre- 
sented by  the  most  nearly  horizontal  curve  ^  in  diagram  II,  in 

M  To  avoid  the  possibility  of  error,  the  determinate  points  in  aU  the  dlagrama  are 
connected  by  straight  lines. 
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which  ordinates  represent  latitudes,  and  abscissaa  temperatures. 
The  method  by  which  these  figures  were  originally  obtained  will 
be  described  in  Section  III. 

TABLE  n. 
Temperature  of  il%n  Earth  — Dove. 


Latitnde. 

Reanmar. 

Fahrenheit. 

Latitude. 

Beanmur. 

Fahrenheit. 

90*" 

— 13.2* 

+  2.r 

20* 

+20.2^ 

+77.4* 

80 

—11.2 

6.8 

10 

21.3 

79.9 

70 

—  7.1 

16.0 

0 

21.2 

79.7 

60 

—  0.8 

30.2 

N.  Hemisphere. 

12.i 

59.9 

60 

+  4.8 

41.7 

S.  Hemisphere. 

10.9" 

56.5 

40 

10.9 

56.5 

Earth. 

11.7 

58.3 

80 

10.8 

60.8 

Seat-sources. — The  temperature  of  the  earth's  surface  is  due  to 
the  heat  derived  from  three  several  sources,  viz.:  (1)  the  sun, 
(2)  the  other  stellar  and  planetary  bodies,  and  (3)  its  own  in- 
terior. That  from  the  last  named  source  is  usually  disregarded, 
partly  because  its  amount  has  not  been  accurately  determined  ;  — 
thus,  while  Pouillet  estimated  it  at  1 :  40  of  the  solar  heat,  Fourier 
estimated  it  at  only  1 :  600.  In  a  series  of  papers  published  in 
the  Dubuque  Times  some  years  ago  the  writer  endeavored  to  show 
from  known  physical  laws,  as  well  as  from  a  comparison  of 
Fourier's  coeflScient  with  certain  data  furnished  by  McClintock 
with  regard  to  the  warming  of  the  interior  of  a  snow-hut  by  proper 
terrestrial  heat,  that  the  thermal  effect  of  the  heated  interior  of  the 
earth  is  greater  in  cold  than  in  warm  regions ;  but  while  the 
figures  obtained  indicated  that  the  heating  effect  in  arctic  America 
is  several  times  greater  than  in  Paris,  the  data  were  so  imperfect 
as  to  vitiate  the  result.  While  there  is  undoubtedly  some  difference 
in  the  rate  at  which  the  interior  heat  is  conveyed  to  different 
portions  of  the  surface  (as  has  indeed  been  recently  pointed  out 
by  M.  Faye  and  Professor  Milne  with  regard  to  sea  and  land),  it 
is  probably  so  slight  that  this  factor  may  safely  be  disregarded. 

The  temperature  of  interstellar  space  has  been  determined  by 

•^  Latitudes  refer  to  northern  hemisphere  only. 

s"  Becent  observations  collocated  by  Dr.  Hann  in  der  Zeitschri/t  fur  Afeteoroiogie 
show  that  these  figures  arc  slightly  inaccurate  (see  section  III);  but  as  nearly  all  the 
iftblet  in  this  Part  were  computed  before  Dr.  Hann's  paper  was  seen,  Dove^s  figures 
nave  not  been  altered. 
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Herschel  and  Ponillet,^  to  be  about — 239**  F. ;  and  absolute  zero 
is,  according  to  Tyndall,^®  491.4**  below  the  raelting-point  of  ice, 
or — 459.4°.  Stellar  beat,  therefore,  raises  the  temperature  of  the 
earth's  surface  220°,  disregarding  fractions.  Practically,  this  heat 
is  uniformly  distributed  over  the  whole  of  the  terrestrial  surface. 
As  pointed  out  by  Croll,^^  the  effect  of  the  earth's  atmosphere 
is  to  elevate  the  temperature  of  the  earth  slightly  above  that  of 
space ;  and  the  presence  of  aqueous  vapor  undoubtedly  tends  to 
increase  this  effect.  This  factor  also  may  safely  be  disregarded, 
however. 

Solar  energy  suffices  to  raise  the  temperature  of  the  terrestrial 
surface  from — 239"  to  -j-^^*'  (disregarding  fractions),  or,  abso- 
lutely, 297**  on  an  average ;  but  the  solar  heat  is  very  unequally 
distributed.  The  relative  solar  intensity  at  the  various  parts  of 
the  earth's  surface  has  been  computed  by  Meech,^^  and  is  shown 
in  the  accompanying  table  III.  The  amount  of  heat  falling  upon 
each  square  foot  of  surface  on  the  equator  at  the  time  of  the  vernal 
equinox  was  taken  as  80  heat-units  (which  are  of  course  purely 
arbitrary),  and  the  accession  at  other  latitudes  computed  ao* 
cordingly. 

TABLE  III. 
Solar  InituMity  at  various  LaiUudeM, 


Latitude. 

Intensity. 

Latitude. 

Intensity. 

(T 

81.50 

SO* 

03.78 

10 

80.38 

00 

46.86 

20 

T7.03- 

70 

88.61 

SO 

71 .03 

80 

84.05 

40 

64.39 

00 

83.83 

•                         .  1 

Xfnnn   for  thn  xeni 

)Io  Earth.... 

66.73 

The  table  is  graphically  depicted  in  diagram  II,  in  which  the 
solar  intensity,  reduced  to  temperature  by  the  method  about  to  be 

"Pouillct,  Comptea  Rendus,  July  9.  ^838.  Herschel,  Metcoi-ology,  sec.  36.  There 
can  be  but  little  doubt  that  the  detennination  is  too  high. 

Since  the  above  was  written  the  writer  has  been  informed  that  the  question  has 
recently  been  reinvestigated  in  the  Royal  Observatory  of  Ilussia,  and  tlie  value  of 
—202*  obtained ;  but  the  publication  ( Repertoriumf&r  MeteoroloffU^ MeieorologUckuki 
Zbomik— vol.  VII  ? )  lias  not  yet  been  seen. 

>»  "  Ilcat,"  etc.,  p.  72,  et  passim. 

" «'  Climate  and  Time,"  p.  39. 

*^"On  tlic  Relative  Intensity  of  the  Heat  and  Light  of  the  Sun."  SmUJuaiiitm 
Contribution  to  KnowUdye,  vol.  IX,  1855,  p.  30. 

A.  A.  A.  S.,  VOL.  XXIX.  30 
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<1ctaile<1,  is  represented  by  tiic  curve  fanving  the  wi<)est  rtinge. 
Tlie  relation  to  existing  temperatures  is  numerically  slionn  in 
Ubie  IV. 
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Temperature  if  proportiimul  In  direct  thennal  fff'ct.—lt  tlie  tern, 
peratureofan  ice-cov<?r<'<t  liciiijspliere  viiries  ns  tlie  licit  rccoivcd 
JVom  all  sources,  viliius  twcntv-five  per  cut.  of  the  solar  intoiiKity,. 
it  can  easily  be  calculated  for  any  latitude  from  tlie  simiile  ex-  ' 
prcssion  ~-  X  ('» — 25  per  cent.),  in  wliicL  a  represents  tlio 
mean    solar    intensity,    c  tbe    mean    temperature    above    stellar 
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space,  and  n  the  intensity  at  the  latitude  whose  temperature 
is  required.  Table  IV  has  been  computed  accordingly ;  and 
some  other  figures  are  added.  Column  I  gives  the  actual 
mean  annual  temperature  of  the  northern  hemisphere  as  deter- 
mined by  Dove,  and  column  II,  the  vapor-tension  corresponding 
to  such  temperatures,  taken  from  the  table  already  mentioned. 
These  vapor-tensions  ai*e  introduced  to  show  how  much  greater 
is  their  range  than  that  of  temperatures.  Column  III  exhibits 
the  solar  intensity,  as  computed  by  Meech ;  column  IV  represents 
the  corresponding  temperature  above  stellar  space  calculated  by 
means  of  the  above  formula ;  column  V,  the  same  temperature  ex- 
pressed according  to  the  Fahrenheit  scale ;  and  column  VI,  the 
oorrespoiKling  vapoi'-tension.  The  three  succeeding  columns  ex- 
hibit like  values  diminished  by  2o  per  cent.  The  principal  values 
are  graphically  represented  by  the  full  lines  in  diagram  III, 
into  which  the  actual  temperature-curve  is  introduced  for  com- 
parison.    The  relation  of  vapor-tension  to  temperature  was  shown 


in  diagram  I. 


TABLE  IV. 
Temperature  of  an  ice-covered  Hemisphere» 


I. 

II. 

III. 

UsmMINISIIEU. 

Diminished  25  per  or. 

• 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

•2 

Temper- 

ataro — 

Dove. 

Vapor- 
tensiun 
-Guyot. 

Solar 
Intvn- 
8ity  — 
Meecb. 

Temper- 
atinc 
above 
space. 

Equiva- 
lent in 
deg.  F. 

^1 

Temper- 
ature 
aliovR 
8  puce. 

Equiv- 
alent in 
.licg.F. 

0* 

-I-79.7'  F. 

l.OOin. 

81.50 

3e2.G7' 

+123.6r 

272.00 

+83.00' 

0.188 

10 

79.9 

1.02 

80.38 

357.69 

118.69 

268.20 

29.26i  .103 

20 

77.4 

.94 

77.03 

342.78 

103.78 

a.uin. 

257.08 

18.08 

.096 

30 

G9.8 

.72 

71.G3 

318.79 

79.79 

1.00 

2.39.00 

0. 

.043 

40 

5G.5 

.45 

04.39 

28G.53 

47.53 

.33 

214.90 

—  24.10 

.013 

60 

41.7 

.20 

65.73 

248.00 

9.00 

.065 

186.00 

—  53.00 

.006* 

GO 

30.2 

.17 

46.36 

206.30 

-32.70 

.008 

154.73 

—  84.27 

.003 

70 

IG.O 

.09 

88.61 

171.81 

-67.19 

128.86 

—110.14 

.0013 

80 

C.8 

.00 

34.95 

155.52 

—83.48 

11G.64 

— 122.3G 

.0010 

90 

2.3 

.05 

>    33  83 

1 
i 

150.54 

—88.46 

112.91 

-120. 09;.  0008 

1 

Tlie   results  exhibited  in  the  above   table  and  diagram   may 
appear  excessive ;    but  care  has  been  exercised   to  exclude  all 

•*  Vupor-tCQsiun  below  0.013,  in  the  last  column,,  is  esUmated. 
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possible  sources  of  error  in  the  data  employed.  The  allowance 
for  loss  through  direct  reflection  will  probably  be  accepted  without 
question.  This  will  reduce  the  difference  between  polar  and 
equatorial  temperature  from  212°  to  159°.  It  maybe  observed 
that  Croll  has,  by  an  independent  but  probably  less  reliable 
method  (indeed  it  is  little  more  than  an  estimate),  calculated  that 
the  difference  in  temperature  of  equator  and  poles  would  equal 
218°,  if  the  distribution  of  heat  were  stopped.^  Principal  Forbes' 
often-quoted  paper  on  the  temperature  of  a  globe  all  sea  or  all 
land,  published  in  the  Transactions  of  the  Royal  Society  of  Edin- 
burgh^ will  be  remembered  in  this  connection.  It  has  not  been 
seen  by  the  writer. 

There  are  two  causes  which  may  affect  the  correctness  of  the 
figures  as  obtained  :  (1)  Conduction  of  equatorial  heat  toward  the 
poles  might  exercise  a  slight  distributing  effect.  This  element  has 
not  been  duly  inrestigated,  owing  to  lack  of  data.  (2)  It  is  the 
general  opinion  among  physicists  that  the  accepted  determination 
of  the  temperature  of  space  is  too  high.  If  this  is  the  case  the  dif- 
ference in  temperature  between  equator  and  poles  indicated  in  the 
table  is  too  small ;  and  the  probability  that  it  is  furnishes  addi- 
tional reason  for  believing  that  the  above  figures  are  not  excessive. 

It  has  already  been  suggested  (Section  II,  2)  that  if  the  globe 
were  encrusted  with  ice,  it  is  extremely  doubtful  whether  the 
crust  would  ever  be  removed  by  the  action  of  solar  and  stellar 
heat.  Inspection  of  the  diagram  will  show  that  the  lowest  temper- 
ature-curve is  far  below  the  freezing-point  for  nearly  all  of  its 
length,  and  rises  above  it  at  the  equator  by  only  a  single  degree. 
The  question  of  melting  hinges  on  that  of  the  formation  of  vapor 
to  store  up  and  render  eflUcient  the  solar  energy  ;  but,  as  already 
shown,  very  little  vapor  could  exist  above  the  ice-field — perhaps  not 
enough  to  cause  melting  to  take  place. 

2.  Temperature  when  stoppage  of  circulation  extends  to 

ANY   latitude. 

Probable  equatorial  limit  of  polar  ice-cap, — It  is  manifest  from 
an  inspection  of  diagrams  II  or  III  that  a  diminution  of  polar 
temperature  will,  by  interfering  with  heat-distributing  agencies, 
cause  an  increase  in  equatorial  temperature.  Consequently,  an  ice- 
Bheet  pushing  out  from  the  pole  will  meet  not  only  with  the  simple 
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resistance  due  to  the  normal  increase  of  temperature,  but  also  that 
due  to  the  additional  increase  occasioned  by  its  own  presence.  It  is 
manifest,  moreover,  that,  without  the  margin  of  the  ice,  the  tem- 
perature and  atmospheric  conditions  would  be  approximately  the 
same  as  at  present,  and  the  solar  beat,  instead  of  being  discharged 
into  space,  would  be  stored  up  more  effectively  than  to-day.  It  is 
accoi-dingly  doubtful  whether,  under  existing  meteorological  con- 
ditions, an  ice-sheet  could  ever  approach  within  a  considerable 
distance  from  the  equator  —  probably  not  nearer  than  about  lati- 
tude 37%  where  the  undiminished  temperature-curve  crosses  the 
curve  of  present  temperature.  Glaciers  nearer  the  equator  prob- 
ably owe  their  origin  to  local  causes ;  for,  unless  an  extensive 
ice-field  is  assumed,  the  rapid  loss  of  heat  necessary  to  prevent 
melting  near  the  equator,  conld  not  take  place. 

Equatorial  temperature, — While  any  diminution  of  polar  tem- 
perature will  augment  equatorial  temperature,  the  increase  at  the 
equator  will  be  less  than  the  decrease  at  the  poles.  This  necessity 
was  recognized  by  Forbes,  and  also  by  CroU,  who  explained  it  by 
considering  that  the  warm  currents  from  the  tropics  had  to  warm 
temperate  as  well  as  polar  zones.'*  It  will  be  shown  in  the  suc- 
ceeding section,  however,  that  the  result  is  but  a  manifestation  of 
what  appears  to  be  a  general  law,  the  nature  of  which  is  perhaps 
not  thoroughly  understood,  but  which  may  be  stated  as  follows:  — 
any  cause  which  increases  the  diurnal  or  annual  thermometrical 
range  over  any  region.,  diminislves  the  mean  temperature  of  the  region. 
The  greater  decrease  at  the  pole  is  hence  due  (in  part,  at  least)  to 
the  greater  annual  thermometrical  range  there. 

Dr.  Croll  assumed  (arbitrarily)  that  a  rise  of  1"*  at  the  equator 
corresponded  with  a  decrease  of  1.5°  at  the  poles  ;  but  inspection  of 
either  of  the  diagrams  last  mentioned,  or  of  table  IV,  will  show 
that  the  simple  stoppage  of  heatrdistributing  agencies  would 
elevate  the  temperature  of  the  equator  43.97°,  while  it  would 
lower  that  of  the  pole  90.76°.  The  ratio  is  thus  approximately  as 
1  :  2.  But  this  ratio  represents  the  rise  at  the  equator  when  both 
hemispheres  alike  cease  to  transfer  heat  toward  the  poles  ;  and  it 
would  be  much  less  if  circulation  were  stopped  on  but  one  hemi- 
sphere. It  may  be  assumed  that  in  such  a  case  the  ratio  would 
be  as  1 :  4.  Then,  when  an  ice-cap  extended  to  any  higher  latitude, 
the  rise  at  the  equator  would  be  still  less,  as  the  excess  of  heat  would 
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be  distribatcd  over  the  whole  zone  between  the  eqnator  and  the 
margin  of  the  ice.  It  is  probable  that  the  ratio  would  thus  be 
diminished  as  the  area  covered  by  the  ice-field.  Therefore,  when 
the  margin  of  the  ice  was  at  any  latitude  above  the  equator,  the 
ratio,  instead  of  being  as  1  :  4,  would  be  as  (1  X  -j)  •*  4,  where  a 
represents  the  area  of  the  hemisphere,  and  z  that  of  the  zone 
bounded  by  the  higher  latitude.  From  this  expression  the  follow- 
ing  table  V  has  been  computed. 

TABLE  V. 
RUe  of  temperature  at  Equator  for  each  degree  of  ditninution  ai  the  PoU» 


Latitude  of 
margin  of  ice. 

Rise  at  Equator. 

Lntitudo  of 
margin  of  ice. 

Rise  at  Equator. 

(T 

0.250' 

60 

0.058* 

10 

.207 

CO 

.as3 

20 

.164 

70 

.015 

80 

.125 

80 

.004 

40 

.089 

00 

.0 

Temperature  at  higher  latitudes, — It  has  been  pointed  out  that 
the  rise  of  equatorial  temperature,  in  consequence  of  depression  at 
the  pole,  would  be  approximately  the  same  over  the  whole  of  the 
zone  from  the  equator  to  the  margin  of  the  ice.  Hence  table  V 
furnishes  a  basis  for  calculating  the  temperature  of  the  whole 
hemisphere  when  the  ice  extends  to  any  latitude.  Table  VI  has 
been  calculated  accordingly.  The  temperatures  ontside  of  the  ice- 
field were  obtained  by  the  formula  90c  -f-  p,  in  which  c  is  the 
coefficient  of  rise  given  in  table  V,  and  p  the  present  temperature  ; 
those  in  the  ice-covered  zone  are  the  lowest  values  in  table  IV ; 
and  those  at  the  margin  of  the  ice-sheet  arc  assumed  to  be  a  mean 
between  the  two.  For  it  is  obvious  that  the  temperature  cannot 
pass  directly  from  the  one  extreme  to  the  other  ;  there  must  be  a 
zone  of  intermediate  temperature ;  and  it  is  within  the  polar 
portion  of  this  zone  that  the  ice  of  a  glacial  epoch  is  formed.  It  is 
assumed,  however,  that  neither  the  ice-covered  nor  the  iceless  zone 
affects  the  other  for  more  than  ten  degrees  from  their  junction, 
t.  c,  the  margin  of  the  ice-field.  It  was  shown  in  Part  I  that  in 
order  for  any  aqueous  vapor  to  be  can-ied  ten  degrees  upon  any 
condenser  it  would  have  to  be  borne  inward  at  the  rate  of  twenty 
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miles  per  hour  for  thirty-five  hours ;  and  it  was  also  shown  that  if 
such  a  thing  occun'ed  it  would  be  fatal  to  the  integrity  of  the  ice- 
sheet.  Moreover,  it  has  been  sufficiently  shown  in  section  I  of 
this  Part  that  dry  air  will  not  convey  heat  so  effectively  as  to 
affect  materially  the  temperature  700  miles  from  the  heat-source. 
It  is  possible,  though,  that  the  ice  would  affect  the  temperature  to 
a  greater  distance  on  the  equatorial  side. 

The  broken  lines  in  diagram  III  represent  graphically  the 
temperatures  when  the  ice  extends  to  latitudes  20^,  40^  and  60^ 
respectively. 

TABLE  VI. 
Temperature  of  ITemitpJtere  when  ice  extends  to  anf  Latitude, 


Margin 

of 

Ice-sfaeet. 

Tempbraturb  at  the  various  Latitudes. 

0* 

lO' 

20* 

80* 

40" 

60* 

60- 

70* 

80- 

10* 

+98.33* 

-I-63.89' 

-I-18.08" 

o.» 

—24.10' 

-53.00* 

— 84.2r 

—110.14' 

— 122.36' 

20 

94.46 

&4.66 

65.12 

0. 

24.10 

53.00 

84.27 

110.14 

122.96 

30 

90.95 

91.15 

88.65 

-HO.  52 

24.10 

53.00 

84.27 

110.14 

122.96 

40 

87.71 

87.91 

85.41 

77.81 

+20.20 

53.00 

84.27 

110.14 

122.36 

fiO 

84.92 

85.12 

82.02 

75.02 

61.72 

3.04 

84.27 

110.14 

123.86 

60 

82.67 

82.87 

80.37 

72.77 

69.47 

-H4-67 

86.66 

110.14 

122.86 

70 

81.05 

81.25 

78.75 

71.15 

57.85 

43.05 

-1-3]  .55 

46.40 

122.86 

80 

80.06 

80.26 

T7.76 

70.16 

66.86 

42.06 

30.56 

+16.86 

67.60 

«r  8.    ANNUAL   VARIATIONS   IN   SOLAR   INTENSITY. 

Extent  of  variation. — Hitherto  only  mean  temperatures  and 
solar  intensities  have  been  dealt  with ;  and  it  might  with  apparent 
reason  be  objected  that  the  great  annual  variations  in  the  sun's 
intensity  vitiate  the  results  stated ;  for,  as  shown  by  Meech,  the 
solar  intensity  is  actually  considerably  greater  over  the  frigid 
zones  during  summer  than  it  ever  is  at  the  equator.  The  accom- 
panying double  table  (VII)  has  been  calculated  in  such  a  manner 
as  to  render  these  variations  apparent ;  and  the  computed  values 
are  graphically  depicted  in  diagram  IV,  in  which,  let  it  be  ob- 
served, the  scale  of  abscissce  is  only  one-half  that  employed  in  the 
other  diagrams.  The  first  column  in  the  table  exhibits  the  heat- 
units  as  determined  by  Meech  (p.  18  of  the  memoir  cited  above), 
for  June  15th  and  December  13th,  the  second  the  equivalent  in 
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degrees  Fahrenheit,  and  the  thiixi  the  absohite  temperature,  cal- 
culated as  in  previous  tables.  The  fourth  and  fifth  columns 
represent  the  corresi)onding  values  if  25  jjer  cent,  is  allowe<i  for 
loss.  Obviously  these  tempei'atures  could  never  obtain;  hut  the 
figures  represent  the  temperatures  tliat  woukl  obtain  if  directly 
proportional  to  the  accession  of  heat  from  all  sources. 


TABLE  VII. 
Solar  Intentity.  —  June  15  and  Decemher  13. 


SUMMEU  EXTKEME. 


Latitudes. 

neat-units 
— Mecch. 

Undiminished. 

DlMIXISHED  BT  25  PEU  CENT. 

Eqnivnlcnt 
in  •  r. 

Absolute 
tcniperuture. 

Equivalent 
in  •  F. 

Ab8oIute 
tcmpentCure. 

©• 

72.0 

320.4* 

-HI -4' 

SiO.y 

-l-l.y 

10 

79.G 

S54.2 

115.2 

2G5.G 

2C.0 

SO 

85.2 

3<9.0 

140.0 

284.2 

45.3 

SO 

88.4 

393.4 

154.4 

295.0 

5G.0 

40 

90.1 

400.9 

101.9 

300.7 

01.7 

« 

60 

89.9 

400.0 

IGl.O 

300.0 

61.0 

60 

88.8 

895.1 

15G.1 

296.3 

67.3 

70 

91.7 

408.0 

169.0 

300.0 

07.0 

80 

9G.1 

427.6 

188.G 

320.7 

81.7 

90 

97.6 

434.3 

195.3 

8i5.7 

86.7 

WINTER   EXTREME. 


0* 

76.9 

242.2* 

+103.2* 

266.8* 

+17.8» 

10 

66.9 

297.7 

68.7 

223.2 

—15.8 

to 

65.4 

246.5 

7.5 

184.8 

64.8 

80 

43.0 

191.3 

—47.7 

143.4 

05.6 

40 

30.3 

134.8 

101.2 

101.4 

1.17.9 

00 

10.3 

72.5 

1C6.5 

61.5 

184.5 

60 

4.9 

21.8 

217.2 

10.4 

222.6 

70 

0. 

0. 

239.0" 

0. 

239.0«« 

80 

0. 

0. 

239.0 

0. 

239.0 

90 

0. 

0. 

239.0 

0. 

239.0 
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Effect  of  variation, — "The  total  amount  of  solar  heat  received 
by  the  earth  in  a  year,  if  distributed  uniforml}'^  over  the  earth's 
surface,  would  be  sufTicient  to  liquefj^  a  layer  of  ice  100  feet  thick, 
and  covering  the  whole  earth ; "  ^7  ijut  forty  per  cent,  of  this 
amount  is  cut  off  by  atmospheric  absorption.  The  lieat  received 
by  the  frigid  zones  in  a  year  is  to  the  amount  received  by  the 
whole  earth  during  the  same  period  as  5.45  to  9.83,  according  to 
Meech/**®  Diminishing  100  feet  by  40  per  cent  and  by  g^,  wc  find 
that  but  33.26  feet  could  be  melted  from  the  polar  zone  in  a  year, 
provided  all  the  solar  heat  were  utilized,  or  only  24.95  feet,  if  26 
'per  cent,  be  allowed  for  loss.  Each  square  foot  of  surface  would 
therefore  receive  al)out  205,400  units  of  heat. 

Now  ice  is  a  conductor  of  heat,  though  an  imperfect  one  ;  and, 
as  will  be  shown  in  Part  III,  each  particle  of  ice  on  being  raised 
to  the  melting-point,  suddenly  absorbs  a  large  quantity  of  heat, 
before  falling  into  water.  It  may  accordingl}^  be  doubted  whether 
melting  would  begin  at  the  surface  until  the  subjacent  ice  had  been 
raised  about  to  the  melting-point,  to  a  depth  of  probably  twenty 
or  thirty  feet,  and  certainly  not  less  than  ten  feet.  But  to  elevate 
a  column  of  ice  20  feet  in  height  from — 239**  to  the  melting-point 
woujd  require  the  expenditure  of  811,650  heat-units  per  square 
foot  of  surface ;  and  if  the  column  were  30  feet  high,  it  would 
absorb  considerablv  more  than  twice  the  total  annual  aece&Sion  of 
solar  energy.  Besides,  the  supply  is  not  constant  and  uninter- 
rupted for  any  considerable  period  ;  throughout  a  great  portion  of 
the  half-year,  during  which  the  frigid  zone  receives  heat  from  the 
sun,  the  supply  is  intermittent;  and  what  is  received  during  the 
day  is  dissipated  during  the  night.  Even  if  the  ice  were  raised  to 
32°  for  only  ten  feet  beneath  the  surface,  it  may  be  questioned 
whether  the  slightest  melting  would  ever  take  place.  The  annual 
range  in  solar  intensity  may  therefore  be  safely  disregarded. 

As  a  check  on  the  above  calculation,  we  have  the  testimony  of 
explorers  of  polar  regions,  who  find  that  the  polar  ice  is  not  only 
not  removed,  but  is  apparently  but  little  affected  by  the  heat  of 
feummer.  Even  on  Great  Bear  Lake,  which  is  mostly  within  the 
north-temperate  zone,  and  is  surrounded  by  lands  sufficiently 
moist,  and  protected  from  chill  b}-  an  atmosphere  sufficiently 
humid,  to  nourish  tolerably  luxuriant  veijetution,  the  ice  is  not 
melted  until  the  end  of  summer. 

'^  Ty  ndnll,  '*  lleat  us  a  mode  of  motion/'  p.  443.  The  calculutioD  has  boea  Tcrifled  by 
(he  wnier. 

*•  '*UelaUvc  Intensity  of  the  Iloat  and  Light  of  the  Sun/*  p.  35. 
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Conclusion, 

The  tables  and  diagrams  of  this  section  exhibit  very  clearly  the 
principles  which  it  is  the  object  of  this  paper  to  elucidate,  viz. :  tlifit 
to  whatever  latitude  a  polar  ice-field  may  extend,  precipitation 
can  take  place  only  along  its  outer  margin  ;  and  that  the  teni^/or- 
atnre  of  its  central  portions  must  sink  too  low  to  sustain  appre- 
ciable quantities  of  aqueous  vapor.  They  corroborate  the 
statements  made  in  Part  I  in  regard  to  the  atmospheric  conditions 
produced  by  any  vast  condenser. 

SEC.  III.  EVIDENCE  THAT  THE  FOREGOING  CONCLUSIONS 
ARE  LEGITIMATE   AND  REASONABLE. 

1.  Heat-distributing  agencies  are   least  efficient  when  the 

atmosphere  is  cold  and  dry. 

Effect  of  diminution  of  temperature, — Professor  W.  II.  Dove's 
invaluable  work  on  the  "  Distribution  of  heat  over  the  surface  of 
the  Earth  "^9  summarizes  the  results  of  a  vast  number  of  observ- 
ations on  terrestrial  temperature,  at  many  stations  ;  and  it  is  yet 
the  standard  authority  on  the  subject.  The  "  normal  temperature  " 
of  each  tenth  parallel  from  the  equator  to  N.  lat.  70°  was  deter- 
mined by  taking  the  mean  of  a  series  of  observations  at  thirty-six 
equidistant  points  on  each;  and  from  the  figures  so  obtained,  tiie 
temperatures  at  N.  lat.  80°  and  at  the  pole,  were  found  by  con- 
struction.'*® Table  II  (in  Section  II)  exhibits  the  temperatures 
thus  obtained.  It  shows  that  the  mean  range  of  temperature  from 
equator  to  pole  is  77.4°  F.— from  +79.7°  to  +2.3°. 

«•  *♦  Die  Verbreltung  der  WUiiDe  auf  der  Oberflache  der  Erdo.  Mit  7  chartcn  iind 
a  Temperntur-Tnfclu."    licrlin,  1853. 

«oAiif  (Icii  zwOlf  Chnrten  dcr  MonntsisoOiermen  habo  Ich  von  10"  zu  lOo  Lang.; 
swischcn  den  Inntlicrmcn  jfraphisrh  lUr  die  Parnllclkreisc  0.  10.  20.  :iO.  40.  60.  (»0.  (5.  70 
interpolirt  und  auf  dlet-e  Wel?c  fUr  jcilcn  dcr  angefUhrten  Parallelkreise  die  Tern. 
per.'Uiir  von  SOgluich  weit  von  cinander  abstehenden  Punktcn  erhalten.  Dus  MilUd 
ausdicscn  SOZahJen  nennc  ich  d:e  ttomuile  Temperatur  des  P;irallel!»,  d.  Ii.  die.  welchc 
er  an  nllon  Pnnkten  zofi-en  wUrtlc.  wenn  die  anf  ihm  wirklich  vorhandene  alicr  vcr- 
schicdcn  vertheiltc  Temperatur  rut'ihni  gleichlorroig  vertheilt  \vai«.  FUr  den  l*arallel 
SO*  und  den  Pol  wunic  hie  nuf  folirentle  Wcisc  erh.illcn.  Id!  theiUc  die  Pol;\r-pn»Joot:ou 
dcr  Erdc  in  vior  gleichscicigo  8]>hiirische  Drcicckc  und  beptimmtc  innerhulb  Jetleti 
derselbcn  die  uiittiere  Wiinneabntdnnc  Ton  (f  bis  70°  Hreite.  Die  J'eniperaturabnahnie 
in  den  beiden  einander  gogenUl>eiiiegeuden  Dreiecken  wurde  nun  nU  Ordinateii  lUr 
einc  AbsciHre  anfgctragon.  welrlu*  dcr  die  bcidcn  Dreiecke  als  Loth  halbircndc  Mend- 
inn  war.  Der  Pol  lag  in  <ler  Mittc  dij'ser  Abscissc.  Aufang  und  Endpunkt  dcnsollii*n 
ini  Acquator.  Dadurch  criiielt  ich  fUr  die  liciden  Drcickfipaarc  zwci  ccncayc  Curven, 
welchcn  beiden  dusniiltlercSliick  (SO*  —  90"  —  60")  fehlie,  die  ^ic!^  aber  der  Nalur  <ler 
SacUc  nach  in  der  mittlc&tcu  durch  UO^  gchendo  Ordinate  schneiden  musbien.    WahU 
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Now  if  the  heat-distributing  agencies  are  as  eflBcient  in  equal- 
izing the  temperature  of  the  globe  in  winter  as  in  summer,  the 
winter  range  of  temperature  from  equator  to  pole  will  not  be  very 
much  greater  than  the  summer  range.  On  the  other  hand,  the 
considerations  detailed  in  section  I  enable  us  to  predict  a  consid- 
erably greater  range  in  winter.  The  accompanying  table  VIII 
shows  the  mean  January  and  July  temperatures  at  each  of  the 
several  parallels  as  determined  by  Dove,^^  and  also  the  thermo- 
metrical  range  (from  equator  to  pole)  for  each  of  these  months. 
The  table  is  graphically  depicted  in  diagram  V,  into  which  the 
mean  annual  temperature  is  also  introduced  for  comparison. 

As  indicated  by  the  physical  laws  already  referred  to,  the  ther- 
roometrical  range  is  much  greatest  in  winter,  being  in  fact  2.2 
times  as  great  as  in  summer. 

TABLE  VIIL 
January  and  July  Temperatures  of  the  Norfhem  Ilemiiphere, 


Latitude. 

January. 

July. 

R.» 

F.- 

R.» 

F.» 

W 

— 36.0* 

-26.6* 

—  0.6* 

+30.6* 

80 

23.3 

20.4 

+  0.9 

84.0 

70 

19.5 

11.9 

5.8 

45.0 

60 

12.6 

+  3.6 

10.8 

56.8 

50 

5.4 

19.8 

13.6 

63.6 

40 

+  3.7 

40.3 

17.9 

72.3 

30 

11.8 

58.5 

80.6 

78.8 

20 

1G.9 

70.0 

22.1 

81.7 

10 

20.1 

77.2 

21.7 

80.8 

0 

21.1 

79.5 

20.7 

78.6 

Range. 

47.1 

106.0 

2U3 

47.9 

A  part  of  this  difference  in  the  thermometrical  range  for  the  two 

man  nun  die  Dreicckspaare  so,  dass  die  Temperaturabnahme  In  dem  mOglichst 
verHchieden  ist  von  dem  in  (icm  gegenlibeiiiegcnden  Dreieck,  so  sind  die  unverbnndcn- 
en  Sclicnkel  jeder  der  belden  Cun'on  selir  verschieden  gcgen  die  Abscissenachsa 
genclgt.  Dies  combinirt  mit  der  Bedingung  des  Durrhsclineidcns  belder  in  der 
durcli  den  Pol  gelienden  Ordinate,  engt  die  Weit  erfUhnnig  der  Cdrven  in  ziemlich  enge 
Grcnzcn  cin  nnd  man  crhiilt  auf  diese  Wiese  die  Tempcraturen  der  fetilenden  Breitcn 
▼on  80*  und  90'—  Op.  cU.y  p.  13. 
*»  Op.  c«..  p.  13. 
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seasons  is  andoabtedly  dae  to  the  vailing  position  of  tbe  hemi- 
sphere with  relation  to  the  sun.  It  is  only  a  part  however.  To 
demonstrate  this,  table  IX  and  diagram  IV  have  been  prepared. 
The  first  column  in  the  table  exhibits  tlie  mean  July  temperature 
of  the  northern  hemisphere  as  ascertained  by  Dove,  and  tlie 
second  the  heat-units  received  from  the  sun  on  June  15th,  as 
determined  by  Meech.  The  maxima  and  minima  of  tlie  solar 
intensity  and  terrestrial  temperature  do  not  correspond  in  time, 
the  latter  being  about  a  month  later  than  the  former.  The  two 
columns  are  therefore  practically  equivalent.  The  third  column 
represents  corresponding  absolute  temperature  in  degrees  Fahren- 
heit, calculated  as  in  table  VII,  and  of  course,  subject  to  the  same 
limitation.  The  fourth  column  exhibits  the  dilfereuce  between 
observed  and  calculated  temperatures,  and  pan  jxi««a,  the  effect 
—  absolute  and  relative — of  the  heat-distributing  agencies  in 
equalizing  the  temperature  of  the  northern  hemisphere  in  summer. 
The  remaining  columns  exhibit  similar  values  for  December  13th 
(computed)  and  January  (observed). 

TABLE  IX. 
Obierved  and  eompmied  Jidff  and  January  Temptraiurei  of  the  Korthem  HemUphcrt^ 


• 

o 

Temperaturb  June  15  (Mrkch) 
=  jult  (i>ove), 

TEUFERATrRE  Dkc.  13  (Meech) 
s  Jan.  (Dove). 

1^ 

Tcmper- 

nturo 

— Dovo. 

Heat- 
units  — 
Mcech. 

Corre». 

ponding 

temp. 

Dlffor- 
ence. 

Temper- 

atiire 
—Dove. 

Heat- 
units  — 
Meech. 

Corres- 
ponding 
temp. 

Differ- 
ence. 

90- 

80 

70 

60 

50 

40 

30 

20 

10 

1 
0    1 

-f-30.GT. 
34.0 
45.0 
5G.3 
6>.6 
72.3 
78.3 
81.7 
80.8 
78.6 

97.6 
96.1 
91.7 
88.8 
89.9 
90.1 
88.4 
85.2 
79.6 
72.0 

+195.3T. 
18S.6 
179.0 
156.1 
161.0 
161.9 
152.2 
140.0 
115.2 
81.4 

— 164.6* 

—153.6 

—133.9 

—  09.8 

—  98.4 

—  89.6 

—  73.8 
-68.3 
-84.4 

—  2.8 

-26.5*F. 

20.4 

11.9 
+  3.6 

19.8 

40.3 

58.5 

70.0 

77.2 

79.5 

0. 

0. 

0. 

4.9 
16.3 
30.3 
43.0 
6.5.4 
66.9 
70.9 

— 239.*" 
239. 
239. 
217.2 
16<'..5 
104.2 
47.7 

+    7.4 

68.7 

103.2 

+2I2.5* 

+218.6 

+227.1 

+220.8 

+186.3 

+144.5 

+ioa.3 

+  0-2.0 
+  18.5 
—  23.7 

Mean.«3 

1 

+';2.0 

+152.9 

—  90.9 

+29.0 

—108.3 

-137.3 

*^  Temperature  of  space,  as  determined  by  Herscbel  and  rouiUet. 
**  The  moans  are  arithmeticoL 
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In  diagram  IV,  this  table  is  graphically  represented  (by  the  ^ 
heavier  lines) — the  vertical  scale  being  only  one-half  that  einploye<l 
in  the  other  diagrams.     The  most  widely  separated  curves  will 
be  seen  to  resemble  those  drawn  by  Meech'*^  to  represent  the  actual 


temperature  of  the  earth  for  the  months  mentioned — the  eflfect  of 
hcat-distribnting   agencies   having   been  overlooked   by  him.     A 

<«Plitc  IV  of  ihc  memoir  nlrca<ly  cited.    The  ordlnates  and  abscissB  have  not,  bo 
ever,  llio  t;;nio  relative  proportion  as  in  diagram  IV. 
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glance  at  the  diagram  will  show  that  the  solar  intensity  and  terres- 
trial temperature  are  far  from  proportional. 

Now,  if  the  efficiency  of  the  heat-distributing  agencies  were 
constant  in  spite  of  fluctuations  in  temperature  and  humidity,  we 
ought  to  find  the  diflerence  between  observed  and  computed  tem- 
peratures the  same  in  the  two  opposite  seasons.  In  direct  oppo- 
sition to  this,  but  in  accordance  with  the  physical  laws  heretofore 
alluded  to,  we  find  the  diflerence  to  be  much  greater  in  winter  than 
in  summer ;  the  means  being  as  90.9  to  137.3,  indicating  that  the 
equalizing  agencies  are  more  than  1 .5  times  as  eflective  in  sum- 
mer as  in  winter.  The  relative  areas  enclosed  by  the  upper  and 
lower  pairs  of  curves  in  the  diagram  illustrate  this  relation  very 
clearly.  In  this  case  all  vicious  perturbations  due  to  the  inclina- 
tion of  the  terrestrial  axis  to  the  plane  of  the  ecliptic  are,  of 
course,  eliminated. 

As  shown  by  the  table,  diminishing  the  mean  temperature  of 
the  northern  hemisphere  S3^  (from  62°  to  29°)^^  reduces  the  eflS- 
ciency  of  the  temperature-equalizing  agencies  by  one-third.  Now 
assuming  the  efficiency  to  be  reduced  in  the  same  ratio  by  any 
further  diminution  of  temperature,  it  is  manifest  that  when  the 
mean  temperature  falls  to— 38°  (or  100°  below +  62°),  the  effl- 
ciency  of  these  agencies  will  be  wholly  destroyed  ;  yet  this  is  but 
little  more  than  half  of  the  diminution  that  would  take  place,  ac- 
cording to  table  IV,  over  an  extensive  polar  ice-sheet.  Moreover, 
the  ratio  is  probably  not  a  direct  but  a  decreasing  one,  as  the 
vapor-tension  (which  is  an  index  of  the  temperature-equalizing 
capacit}',  as  will  be  shown  in  the  following  subtitle)  decreases 
much  more  rapidly  than  the  atmospheric  temperature,  as  exhibited 
in  the  first  table  and  diagram  of  Section  I. 

Effect  of  atmospheric  dj'yness, — The  largest  and  most  elaborate 
of  Professor  Dove's  charts  (Charte  III)  exhibits  the  monthly  iso- 
therms for  January  and  July  on  the  same  sheet.  A  glance  at  the 
chart  shows  that  these  lines  approach  most  closely  over  humid 
regions,  and  diverge  most  widely  over  arid  areas,  as  in  central 
Asia  and  in  western-central  North  America.  The  same  tendency 
is  equally  manifested  in  the  chart  devoted  to  the  representation  of 
*'Isothermen  von  4  Grad  u.  20  Grad  in  ihrer  jahrlichcn  Wander- 
ung." 

^  These  are  simple  arithmetical  means  and  are  lower  than  the  true  means  in  about 
the  ratio  of  46: 58. 
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Table  X  is  taken  from  the  first-named  chart.  It  exhibits  the 
temperature  from  the  equator  to  the  polar  circle  on  two  different 
meridians,  viz.,  long.  20**  W.  and  120**  E.  of  Greenwich.  The 
first  of  these  passes  over  the  Atlantic  ocean,  and  the  second  over 
the  arid  plateaus  of  central  Asia.^^  Tlie  temperatures  recorded 
in  the  table  were,  in  the  greater  number  of  cases,  obtained  by 
interpolation.  To  facilitate  reference  and  verification,  therefore, 
tliey  are  given  in  the  scale  used  in  the  original  (Reaumur's),  as 
well  as  in  Fahrenheit's.  The  table  is  graphically  depicted  in  dia- 
gram VI,  in  which  the  curve  of  mean  temperature  is  also  repre- 
sented. 

TABLE  X. 
January  and  July  TemperaiureM  at  Long.  20*  W.  and  120*  E.  of  Greenwich. 


Long. 

20*  W. 

Long. 

120*  E. 

Latitude. 

January. 

JULY. 

January. 

July. 

R*. 

F*. 

R». 

F*. 

R*. 

F*. 

R'. 

F*. 

Polar  Kreis. 

—2.6 

+2«.2 

+8.0 

-H5.5 

—32.0 

—40.0 

+12.5 

+00.1 

GO* 

+1.8 

36.0 

11.2 

57.2 

20.3 

S4.0 

14.0 

63.5 

40 

10.6 

65.9 

IG.O 

68.0 

2.5 

+26.4 

19.3 

75.4 

20 

10.9 

70.0 

20.0 

77.0 

+13.7 

C0.6 

22.0 

81.5 

0 

21.0 

79.2 

20.0 

77.0 

20.0 

77.0 

22.0 

81.5 

Mean. 

63.5 

65.0 

IS.O 

72.4 

Range. 

23.6 

53.0 

14.0 

31.5 

52.0 

117.0 

9.5 

21.4 

Inspection  of  the  table  reveals  the  following  facts : — 
1.  The  thermometrical  range  from  the  equator  to  the  ix)lar  circle 
is  greater  in  Januaiy  than  July  (a)  in  the  ratio  of  53  :  31.5  on  the 
water-meridian,  (6)  in  the  ratio  of  117  :  21.4  on  the  land-mcridi:ui, 
and  (c)  in  the  ratio  of  170:52.9  on  both.  Corollary:  Vapor  be- 
ing equally  accessible  (approximately),  the  equalizing  agencies 
are  most  effective  when  the  temperature  is  highest. 

••Principal  Forbes'  paper  In  the  Trans.  Roy.  Soc.  Edin.  (vol.  XXII,  p.  75),  in  which 
he  calculated  that  the  equatorial  and  polar  temperature  of  a  globe  all  water  wonid  he 
TIT  and  12.5'  respectively,  and  that  of  a  globe  all  land,  lOO.S"  and— 25.G*  respectively, 
was  based  on  the  temperatures  of  (probably)  Ihcso  meridians.  It  has  not  been  seen  by 
the  writer. 
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2.  The  mean  annaal  temperature  of  the  water-meridian  is  higher 
than  that  of  the  land-meridian  in  the  ratio  of  59.2  :  45.2.  Carol' 
lary:  Accession  of  heat  being  the  same  (approximately),  the 
temperature  is  highest  where  the  atmosphere  is  most  humid. 

3.  The  water-meridian  is  (a)  warmer  than  the  land- meridian  in 
January  in  the  ratio  of  53.5 :  18,  and  (6)  colder  in  July  in  the 
lesser  ratio  of  72.4  :  65.  Corollary :  The  temperature  is  not  only 
higher  but  mucJi  niore  equcMe  where  the  atmosphere  is  humid  than 
where  diy. 

4.  The  difference  between  the  January  and  July  ranges  (which 
is  the  measure  of  the  influence  of  humidity  upon  temperature)  is 
greater  on  the  land-meridian  than  on  the  water-meridian  in  the 
ratio  of  (117— 21.4)  :  (53— 31.5)  =95  6  :  21.5,  or  as  4.45:1. 
Corollary:  In  a  dry  and  hence  cold  atmosphere,  the  temperature 
corresponds  much  more  nearly  with  the  solar  intensity  than  in  a 
humid  and  hence  warm  atmosphere. 

The  difference  in  mean  annual  temperature  of  the  two  meridians 
(59.2**— 45.2''=14'')  is  partly  due  to  the  influence  of  the  Gulf 
stream  in  elevating  that  of  the  water-meridian,  and  partly  to  the 
greater  dryness  of  the  land-meridian.  For  the  present  it  will  be 
assumed  that  the  two  causes  are  equally  effective."*^  7°  is  therefore 

*^It  Is  however  ecarcely  poesible  that  so  much  of  the  effect  is  due  to  the  iDfluence  of 
the  Gulf  stream.  Below  are  given  the  July  temperatures  on  the  twentieth  meridian, 
from  0*  to  GO*,  as  recorded  in  the  above  table,  and  also  the  July  temperatures  of  the 
northern  hemisphere,  at  the  same  parallels  taken  flrom  table  VIII.  Though  the  Gulf 
stream  must  be  about  as  effective  in  July  as  at  any  time,  it  will  be  seen  that  the  (arith- 
metical) mean  temperature  of  the  twentieth  meridian  is  actually  2.4*  lower  than  tbat 
of  the  northern  hemisphere. 


LATITUDES. 

TBMF. 

20th  MERIDIAN. 

TEMP.  N.  U, 

CO* 

6i.r 

6C.3* 

40 

C80 

T2Ji 

20 

77.0 

81.7 

0 

f 

77.0 

78.6 

Arithmetical  means  09.8  72.2 

It  might  be  objected  that  the  comparison  of  July  instead  of  annual  teroperatnres 
does  not  nff(»rd  a  Just  criterion ;  but  it  is  manifest,  in  view  or  the  corollaries  deduced 
from  table  X.  that  the  comparison  of  mean  annual  tcmperatui-es  would  be  at  least 
equ.'iDy  imperfect  and  misleading.  It  might  be  more  satisfactory  to  compara  the  mean 
of  the  .J.muary  and  July  lemperulures  on  tlic  twentieth  meridian  with  the  mean  annual 
tcn)|)craturc  of  the  southern  hemisphere;  though,  for  reasons  given  in  the  following 
title,  the  difference  in  favor  of  the  swingle  meridian  must  be  considered  as  materially  in 
excess  of  what  It  should  be.  Such  a  comparison  is  here  given,  the  temperature  of  the 
Bouthcm  hemisphere  being  t;iken  from  table  XXV  (an^e)— the  temperature  at  lat.GO* 
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the  measure  of  the  influence  of  atmospheric  dryness  in  diminishing 
the  mean  annual  temperature.  Now  this  diminution  of  1°  in 
mean  annual  temperature,  brought  about  by  atmospheric  dryness, 
increases  tlie  annual  thermometrical  range  (or  at  least  accom- 
panies an  increase  in  range)  from  21.4**  to  95.6°,  or  by  74.2° ;  and 
if  its  influence  increases  in  the  same  ratio  with  farther  diminution 
of  temperature  by  the  same  cause,  when  the  temperature  sank  to 
the  freezing-point  the  range  would  be  amply  sufllcient  to  meet  all 
the  requirements  of  the  preceding  sections. 

In  nature  this  cause  operates  conjointly  with  diminution  of 
temperature  produced  by  other  agencies.  The  above  figures  illus- 
trate its  importance,  however. 

Table  XI  exhibits  the  mean  summer  and  winter  temperature  of 
a  small  portion  of  North  America.  It  has  been  taken  from 
another  source,  viz.,  from  an  isothermal  chart  of  the  region  north 
of  the  36lh  parallel,  compiled  under  the  direction  of  Governor 
Isaac  1.  Stevens."*®  The  temperatures  were  taken  on  the  100th 
meridian,  and  were  determined,  as  before,  by  interpolation  ;  and 
there  is  some  uncertainty  as  to  the  winter  temperature  of  the  65th 
parallel,  since  no  isotherms  of  lower  temperature  than  0°F.  are  indi- 
cated. The  temperatures  arc  graphically  represented  by  the  short, 
broken  lines  in  diagram  V.  Let  it  be  observed  that  here  the  mean 
summer  and  mean  winter  isotherms  are  placed  in  juxtaposition 
with  the  isotherms  for  July  and  January. 

Inspection  of  the  table  and  diagram  shows  (1)  that  the  thermo- 
metrical range  is  much  greater  than  the  mean,  (2)  that  the  winter 
range  of  temperature  is  much  greater  than  the  summer  range,  and 
(3)  that  the  mean  temperature  is  considerably  below  the  normal. 
These  facts  support  and  corroborate  the  foregoing  corollaries. 

being  determinocl  by  construction.  It  will  be  seen  that  the  mean  difference,  which  may 
be  rcffiinled  as  the  measure  of  the  influence  of  the  Gulf  stream,  is  but  8.6*  —  only  ubout 
half  the  amount  allowed  above. 


LATITUDE. 

TBXP. 

20th  MEBIDIAN. 

TEXP.  8.  H 

60- 

46.6» 

88.0" 

40 

62.0 

54.5 

20 

T^A 

74.1 

0 

78.1 

79-7 

Arithmetical  means 

65.0 

61.4 

It  should  be  borne  in  mind  that  only  a  small  portion  of  that  part  of  the  meridian  nn« 
der  consideration  is  materially  affected  by  the  Gulf  stream. 

«•'•  Hop.  on  Expl.  an»l  .Snrv.  for  a  II.  R.  Route  ft*om  the  Mississippi  to  the  Paciflc," 
Tol.  XII,  pt.  I. 

A.  A.  A.  S.  VOL.  XXIX.  .  81 
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TABLE  XI. 
Mean  Winter  and  Summer  Temperature  of  the  l(Mh  2feridian, 


Latitude. 

Summer. 

"Winter. 

W 

+57.6* 

—  5.0'? 

60 

06.5 

+  8.5 

49 

71.5 

15.0 

40 

74.5 

27.0 

MOAD. 

67.5 

11.4 

Bange. 

17.0 

83.0 

Conclusion. — The  foregoing  figures  demonstrate  that  the  clima- 
tal  perturbations  pointed  out  in  Section  II,  as  the  necessary  result 
of  the  considerable  extension  of  a  polar  ice-sheet,  do  not  differ  in 
kind,  but  only  in  degree,  from  those  whose  constant  occurrence 
over  the  terrestrial  surface  is  a  matter  of  authoritative  record ; 
and  analogy  with  observed  phenomena  indicates  that  the  calculated 
extent  of  these  vicissitudes  is  in  perfect  harmony  with  the  magni* 
tade  of  the  formulated  cause. 

2.    Law  indicated  by  the  preceding  tables. 

Enunciation  of  the  Law. — Though  it  has  not  heretofore  been 
specially  pointed  out,  it  is  very  noticeable  that  when  the  tempera- 
ture curves  in  the  diagrams  diverge,  the  downward  range  is  greater 
tban  the  upward  range.  This  is  so  universal,  not  only  in  the 
cases  referred  to  in  this  paper,  but  in  many  others  which  have  been 
investigated  expressly  to  determine  whether  the  exhibition  of  the 
tendency  is  constant,  that  it  may  provisionally  be  viewed  as  the 
expression  of  a  law,  which  may  be  stated  as  follows: — Any 
increase  in  tliermometrical  range  is  accompanied  by  a  diminution  in 
mean  temperature. 

Illustration  of  its  operation, — Table  XII  exhibits  the  effect  of 
this  tendency  as  illustrated  in  the  foregoing  diagrams  (IV,  V,  and 
VI)  and  the  corresponding  tables  numerically,  and  in  such  form 
as  to  be  seen  at  a  glance.  The  first  line  shows  Ihe  excess  of  mean 
summer  temperature  on  the  100th  meridian  over  the  mean  July 
temperature  of  the  northern  hemisphere,  and  the  second  the 
Abnakme  of  the  mean  winter  temperature  of  the  same  meridian 
below  the  mean  January  temperature  of  the  northern  hemi- 
sphere, as  depicted  in  diagram  V.     The  third  and  fourth  lines 
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represent  the  clifTerence  in  degrees  between  the  homologous  lines 
of  diagram  IV,  and  the  fiftli  and  sixth  tlie  same  for  diagram  VI. 
Below  tut  given  the  aggregates,  in  the  seventh  and  eighth  lines, 
and,  finally,  the  difference  between  aggregates  (a^icnys  in  favor  of 
the  coldest  motit?').  in  the  ninth  line.  The  means  for  each  diagram 
are  shown  in  the  right-hand  column,  and  are  summed  np  in  the 
aggregates.  In  every  case  the  signs  -\-  and  —  refer  to  the  rela- 
tion  to  normal  temperature,  and  not  to  the  position  in  the  tbermo- 
metrical  scale. 
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The  diflference  in  aggregates  of  means  (108.5^),  which  repre- 
sents twice  the  mean  diminution  of  temperature  occasioned  by  the 
operation  of  the  law,  is  diminished  (1)  by  comparing  summer  and 
winter  with  July  and  January  temperatures  in  diagram  V,  and  (2) 
by  the  junction  of  the  lower  curve  in  diagram  IV  with  the  tem- 
perature of  space.  To  show  that  this  excess  of  decrease  over 
increase  is  not  due  to  the  employment  of  a  diagram  to  some  extent 
hypothetical,  a  summary  of  the  means  for  the  two  diagrams  based 
upon  actual  observation  is  appended  in  table  XIII.  The  differ- 
ence here  indicated  is  considerably  less  than  it  would  be  if  the 
observations  extended  quite  to  the  poles  instead  of  only  to  the 
polar  circle,  as  the  range  is  greatest  at  the  highest  latitudes. 

TABLE  Xni. 
JSxcat  of  deerttue  avtr  increaae  in  Temperature, 


mAORAM. 

Jahrszeit. 

Means. 

V. 

Summer. 
Winter. 

+  8.1* 

—12.8 

VI. 

July. 
January. 

+  8.3 
-44.3 

Aggregate. 

July. 
January. 

+11.4 

Difference. 

-45.3 

The  excess  of  decrease  over  increase  at  each  of  the  several 
latitudes  reached  by  the  curves  is  as  follows : — 


At  the  polar  circle, 
"  lat.  60% 
"     "    50, 
"     "   40, 
"     "   20, 


61.5^ 
63.8 

9.3 
81.1 

6.5 


Numerical  expression  of  the  efficiency  of  the  Law, — While  the 
ratios  of  diminution  of  mean  temperature  to  increase  of  range  do 
not  vary  greatly  in  the  three  cases  tabulated,  that  exhibited  by 
diagram  VI  is  most  reliable.     Here  the  means  with  their  differ- 
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ence,  the  increase  of  range,  and  the  diminution  of  mean  tempera- 
ture, are  as  follows : — 


Mean  increase, 

8.8^ 

"     decrease, 

44.8 

Difference, 

86.0 

Increase  of  range, 

52.6 

Diminution, 

18.0 

It  would  be  premature  to  say  that  the  diminution  is  the  result  of 
the  increase  of  range,  or  vice  versa.  It  is  sufficient  that  the  fac- 
tors are  reciprocal. 

The  mean  temperature  at  the  several  points  is  about  45°.  The 
increase  of  52.6°  in  range  is  accompanied  by  a  diminution  in  mean 
temperature  of  18° ;  and  if  the  ratio  is  the  same  with  further 
increase  of  range,  the  range  of  212°,  which  would  obtain  if  the 
heat-distributing  agencies  were  eliminated,  would  be  accompanied 
by  a  diminution  in  mean  temperature  of  72.5°.  The  mean  would 
consequently  be  —  27.5°,  instead  of  +  45°.  It  is  probable,  how- 
ever, that  the  ratio  is  a  decreasing  one  with  regard  to  the  diminu- 
tion of  temperature.  At  the  best,  the  figures  are  but  a  rude 
approximation  to  the  truth. 

Conclusion, — The  evidence  in  support  of  the  law  above  indi- 
cated seems  sufficient  to  warrant  the  provisional  admission  of  its 
existence.  Its  nature  and  mode  of  operation  are  perhaps  suffi- 
ciently explained  by  the  identity  (in  a  great  measure)  of  the  heat- 
retaining  and  temperature-equalizing  agencies,  preeminently  aque- 
ous vapor. 

8.    Present  condition  of  the  southern  hemisphere. 

Mean  temperature. — Table  XIV  exhibits  the  mean  annual  tem- 
perature of  the  southern  hemisphere  as  compared  with  that  of  the 
northern.  The  figures  for  the  northern  hemisphere,  and  for  the 
southern  to  lat.  30°,  are  taken  from  Dove's  work  above  cited,  and 
those  for  south  latitude  40°  to  55°  from  a  paper  by  Dr.  Ilann,  in 
the  Zeitschrift  fiir  MeteorologieA^     The  relation  is  graphically  rep- 

♦•  "  Ueber  die  WKrmevcrthellung  nuf  der  sUdl.  Halbkugel."  Op.  cit.,  vol.  VII  (1878), 
p.  2C3.  For  the  use  of  the  above-named  Zeitschri/tt  the  writer  is  indebted  to  Dr.  Gut* 
tavus  Hiorichs,  of  the  Iowa  State  University. 
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resented  in  diagram  I,  in  which  the  broken  line  denotes  the  tem- 
perature of  the  southern  hemisphere. 

TABLE  XIV. 
Mean  Temperature  of  Korthem  and  Southern  Hemisphere, 


Latitude. 

N.  H. 

S.  U. 

«• 

79.r  F. 

79.r  F. 

10 

79.9 

77.9 

90 

77.4 

74.1 

80 

69.8 

66.9 

40 
45 

66.5) 

>a53.8 
49.1) 

64.5) 

>=52.7 
60.4) 

60 
65 

41.7) 

>s40.2 
36.0) 

46.2) 

>s45.3 
41.7) 

True  mean. 

7:i.0 

71.8 

It  would  seem  at  the  first  glance  that  the  southern  hemisphere 
furnishes  an  exception  to  the  usual  status  as  illustrated  in  the  last 
section ;  for  while  the  mean  temperature  is  lower  than  that  of  the 
northern  hemisphere  by  1.2°,  as  seen  in  table  XIV,  the  annual 
range  is  less  in  the  ratio  of  2.6  :  9.8,  according  to  Dove.^®  A  little 
study  will  show,  however,  that  the  present  condition  of  this  hemi- 
sphere is  in  perfect  harmony  with  the  law,  and  serves  as  a  forcible 
illustration  of  its  operation. 

Greater  variability  of  solar  intensity  in  the  Southern  Hemi" 
sphere, — It  may  for  convenience  of  illustration  be  assumed  that 
the  summers  of  the  southern  hemisphere  occur  exactly  in  peri- 
helion. Then,  while  the  mean  accession  of  solar  heat  is  the  same 
on  both  hemispheres,  as  long  ago  demonstrated  by  D'Alcmbert, 
it  is  manifest  that  the  annual  variation  in  solar  intensity  is  greater 
on  the  southern  hemisphere  than  on  the  northern.  Assuming  the 
mean  distance  of  the  sun  to  be  91,430,000  miles,  and  taking  0.0 168 
as  the  present  eccentricity  of  the  terrestrial  orbit,  the  perihelion 
and  apheliou  distances  are  found  to  be  89,897,000  miles,  and 
92,963,000  miles,  respectively.  The  solar  intensity  varying  as  the 
square  of  the  distance,  it  will  be  to  the  normal  as  0.967 :  1  in 
winter,  and  as  1 .034 : 1  in  summer. 

»•  •'  VerbrcilUDg  der  Wilnne,"  p.  24. 
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Table  XV  has  been  prepared  to  illustrate  the  annual  varia- 
tion in  solar  intensity  over  the  hemisphere  whose  summers  occur 
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in  perihelion.     The  mean  winter  and  summer  intensities  are  given 
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in  columns  I  and  VI.  They  were  obtained  as  follows : — On  p.  18 
of  Meech's  memoir,  already  cited,  is  a  table  exhibiting  the  son's 
intensity  at  the  various  latitudes  at  intervals  of  fifteen  days. 
Column  I  is  the  mean  (at  each  latitude)  of  the  units  of  intensity 
from  September  29th,  to  March  17th,  inclusive;  and  column  VI 
is  similai'Iy  the  mean  from  April  1st  to  September  14th,  inclusive. 
In  columns  II  and  VII  the  corresponding  temperatures,  calculated 
as  heretofore,  are  exhibited.  Then  in  columns  III  and  VIII,  the 
intensities,  multiplied  by  .967  and  1.084  respectivelj',  are  recorded ; 
and  in  the  next  succeeding  columns  the  corresponding  temperatures 
are  shown.  The  difference  ft'om  the  normal  is  given  in  columns 
V  and  X,  and  the  increase  in  range  in  column  XI.  The  values 
are  graphically  represented  by  the  broken  curv'es  in  diagram  IV  ;  the 
full  lines  (which  are  the  lowest  for  summer  and  the  highest  for 
winter),  being  normal. 

A  glance  at  the  diagram  will  show  that  the  greater  part  of  the 
increase  of  range  is  upward — the  ratio  being  11.3°:  5.4°,  as  indi- 
cated by  the  table ;  and  it  might  be  objected  that  this  would 
counterbalance  the  operation  of  the  law  stated  above.  The  fact 
should  not  be  overlooked,  however,  that  the  temperature  of  any 
planetary  body  is  as  greatly  dependent  on  the  rate  of  loss  as  of 
accession  of  heat,  as  pointed  out  by  Adhemar ;  and  the  greater 
length  of  the  season  during  which  loss  preponderates  no  doubt 
more  than  compensates  for  the  slightness  of  diminution  of  acces- 
sion in  winter.  The  whole  of  the  computed  increase  in  range  may 
therefore  be  considered  as  tending,  in  conformity  with  the  law,  to 
decrease  the  mean  temperature ;  and  employing  the  ratio  sug- 
gested by  table  XIII,  we  find  that  the  corresponding  diminution 
is  nearly  6°.  Inspection  of  the  diagram  will  show,  too,  that  the 
mean  increase  of  range  is  greatest  over  those  portions  of  the 
southern  hemisphere  in  which  the  temperature  sinks  lowest  as 
compared  with  the  northern  hemisphere,  as  may  be  readily  seen  by 
comparison  with  diagram  II. 

The  foregoing  table  does  not  afford  the  means  of  directly  com- 
paring the  condition  of  the  southern  hemisphere  with  that  of  the 
northern  ;  for  here  there  is  a  like  effect,  and  of  equal  value,  but  in 
the  opposite  direction.  The  annual  variation  in  solar  intensity  is 
hence  greater  in  the  southern  hemisphere  than  the  northern  in  the 
ratio  of  1.14  :  1.  Table  XVI  exhibits  the  increase  in  annual  ther- 
fliometrical  range  that  will  obtain  in  the  northern  hemisphere 
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'when  Its  winters  occur  in  aphelion,  provided  the  increase  is  com- 
mensurate with  the  vadation  in  the  solar  intensity,  as  it  probably 
will  be  approximately.  The  July  temperature  above  space  has 
been  multiplied  by  1.068,  and  the  January  temperature  by  .983. 
The  range  is  thereby  nearly  trebled. 

TABLE  XTI. 

Increase  qf  range  when  northern  wintert  occur  in  tg^hdlon. 


HONTB. 

Present  texperatuss. 

Temperature 

WHEN  winter  is  IN 
APHELION. 

Dif- 

Found by  Dove. 

Above 
■pace. 

Above 
space. 

Absolute. 

ference. 

July 
January. 

+17.8'B. 
7.6 

+70.9"  F. 
48.9 

809.9 
287.9 

881.0* 
268.6 

-HB.O* 
29.6 

21.1 
19.8 

Ann.  range. 

22.0 

62.4 

40.4 

The  mean  temperatures  indicated  in  the  above  table  are  repre- 
sented by  the  short  horizontal  lines  in  the  upper  left  hand  corner 
of  diagram  III. 

By  means  of  the  ratio  already  employed  we  find  the  corres- 
ponding diminution  of  mean  temperature  to  be  14**.  It  is  doubtful, 
however,  whether  the  thermometrical  range  would  increase  in 
direct  proportion  with  the  variation  in  solar  intensity ;  but  even 
if  only  one-fourth  of  the  above  increase  should  take  place  (and 
this  estimate  is  undoubtedly  too  low),  the  corresponding  diminu- 
tion of  mean  temperature  would  be  nearly  three  times  the  present 
difference  in  temperature  of  the  opposite  hemispheres. 

Conclusion. — The  foregoing  figures  seem  to  afford  an  adequate 
reason  for  the  present  low  temperature  of  the  southern  hemisphere, 
and  to  show  that  its  condition  is  in  harmony  with  the  principles 
herein  advocated ;  and  it  seems  probable  that  the  diminution  of 
temperature  would  be  yet  greater  if  the  effect  of  the  solar  inten- 
sity were  not  so  thoroughly  masked  by  the  atmospheric  and 
geographical  conditions  of  that  hemisphere. 

Bearing  on  CrolVs  theory. — The  bearing  of  the  considerations, 
above  detailed,  upon  Dr.  CrolTs  justly  celebrated  theory  of  secular 
variations  in  the  earth's  climate,  is  too  obvious  to  require  extended 
comment ;  and,  aside  from  its  relation  to  the  subject  under  discus- 
sion, this  title  is  offered  as  a  contribution  thereto.    [This  phase  of 
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the  snbject  baa  been  considered  in  a  paper  entitled,  ''A  contriba- 
tion  to  Dr.  Croll's  Theory  of  Secular  Changes  in  Terrestrial 
Climate,"  read  before  the  Iowa  Academy  of  Sciences  June  25, 
1880,  and  published,  in  very  brief  abstract,  in  the  Proceedings  of 
the  Academy,  vol.  I,  pt.  I,  p.  24 ;  which  paper  was  prepai-ed  after 
the  completion  of  this.  The  effects  of  variations  in  eccentricity  of 
the  terrestrial  orbit  were  there  discussed.] 

SEC.  IV.— THICKNESS  OF  ICE-SHEET  AT  ANY  LATITUDE. 

1.  Estimates  of  thickness. 

First  preliminary  estimate. — It  was  shown  in  Part  I  of  this 
paper  that  the  accumulation  of  glacier  ice  is  dependent  on  pre- 
cipitation ;  and  in  a  general  way  it  may  be  considered  proportional 
therewith.  It  may  also  be  assumed  that  the  precipitation,  and 
hence  of  course  the  accumulation  of  ice,  is  proportional  to  the 
vapor-tension.  If  then  the  thickness  at  any  latitude  is  known, 
that  at  all  other  latitudes  can  be  readily  computed. 

Professor  Dana  has  shown^  that  the  thickness  of  the  quaternary 
ice-sheet  over  the  Canadian  highlands  (about  N.  lat.  48*^  to  50°) 
must  have  been  at  least  12,000  feet.  As  this  accumulation  took 
place  under  conditions  less  favorable  than  those  considered  in  the 
present  discussion,  it  may  be  assumed  that  a  thickness  of  3  miles 
might  obtain  at  lat.  40°.  The  thickness  at  each  latitude  from 
40°  to  the  pole  would  accordingly  be  as  represented  in  table  XVII. 
The  data  forming  the  basis  of  the  computation  are  derived  from 
sources  previously  enumerated. 

TABLE  xvn. 

Greatut  thicknest  of  Ice-field  from  Lai,  4(f  to  ih€  Pole. 


Latitude. 

Tem- 

PERATURR. 

Vapor- 

TENSION. 

Thickness 
OF  Ice. 

40* 

•fM.fi*  F. 

0.457  in. 

S.OOO  mUes. 

60 

il.7 

.864 

1.733 

eo 

80.9 

.168 

1.103 

70 

16.0 

.090 

.691 

80 

6.8 

.059 

.387 

90 

2.8 

.048 

.315 

Second  preliminary  estimate. — It  would  doubtless  be  more  satis^ 
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factory  to  base  estimates  upon  the  present  accumulation  of  ice 
over  polar  regions,  if  the  quantity  were  at  all  definitely  known. 
The  uncertainty  regarding  the  exact  amount  is  so  great,  however, 
especially  in  arctic  regions,  that  any  such  estimate  will  serve  only 
as  a  check  on  that  already  made. 

It  may  be  almost  arbitrarily  assumed  that,  if  the  land  ice  existing 
on  the  zone  bounded  by  the  eightieth  parallel  were  uniformly  dis- 
tributed, it  would  form  a  sheet  fifty  feet  in  thickness.  Now  too 
little  aqueous  vapor  is  conveyed  into  arctic  regions  to  permit  the 
accumulation  of  sufficient  ice  to  form  an  effective  condenser.  It  is 
probable  that,  in  consequence  of  this  imperfection  of  the  arctic 
condensing  apparatus,  enough  moisture  is  not  congealed,  but 
allowed  to  fall  as  rain  and  thus  to  melt  a  portion  of  the  ice,  to 
reduce  the  accumulation  which  should  take  place  by  fully  two-thirds. 
Were  it  not  for  this  the  accumulation  might  reach  150  feet  on  an 
average,  and  300  feet  near  the  margin.  The  corresponding 
maximum  thickness  when  the  ice  extended  ten  degrees  fuilher 
from  the  pole  would  be  about  400  feet.  These  estimates  enable 
us  to  institute  a  comparison  with  the  antarctic  ice-sheet. 

Only  about  one-seventh  of  the  seventieth  parallel  of  north  latitude 
is  so  free  from  land  as  to  present  no  obstruction  to  the  carrying  in  of 
vapor  from  more  southerly  regions.  In  the  southern  hemisphere, 
on  the  other  hand,  the  whole  parallel  is  practically  open  to  the 
introduction  of  vapor  from  the  adjacent  temperate  zone.  The 
accumulation  here  ought  accordingly  to  be  seven  times  as  great  as 
in  arctic  regions,  or  2,800  feet  near  the  margin.  It  will  probably 
not  be  objected  that  these  estimates  are  too  low,  as  they  have  pur- 
posely been  made  as  large  as  seems  at  all  consistent  with  the 
present  condition  of  polar  regions.  It  has  already  been  shown  that 
the  present  accumulation  in  these  regions  is  probably  about  as 
great  as  ever  can  have  existed. 

Accepting  the  largest  of  these  estimates  as  representing  the 
greatest  possible  thickness  of  the  ice-cap  at  lat.  70®,  and  computing 
the  thickness  at  other  latitudes  as  in  table  XVII,  the  respective 
values  are  found  to  be  as  follows : — 

14217  feet,  =z  2.G93  miles. 

u 
(( 

41 


Lat. 

40® 

50 

60 

70 

80 

90 

8213 

=  1.555 

5226 

~  .990 

2800 

=  .530 

1835 

=  .348 

1493 

=  .283 
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The  approximate  correspondeDce  between  the  two  estimates  iB 
apparent. 

Final  estimate. — It  may  be  assamed  that,  in  a  hemisphere  with 
parallel  isotherms  and  isobars,  all  vapor  is  precipitated  nearer  the 
poles  than  where  it  was  formed.  Two  factors  (perhaps  unequal), 
tending  to  produce  opposite  results  in  the  final  computation,  will 
be  disregarded.  These  factors  are  (1)  the  elevation  of  tem- 
perature outside  the  ice-field  illustrated  by  table  VI,  and  (2)  the 
less  frequent  saturation  of  the  atmosphere  in  frigid  climates.  As 
shown  by  the  tables  of  Section  11,  when  the  ice-sheet  reached 
any  latitude  the  vapor  which  had  previously  been  borne  polar- 
ward  would  be  precipitated  near  the  margin  of  the  sheet, 
mainly  in  the  form  of  snow.  The  precipitation  would  hence  be 
greater  than  the  normal,  at  the  border  of  the  ice,  in  the  ratio  of 
p:p'\-  ^^,  where  p  denotes  normal  precipitation,  o  area  of  zone 
bounded  by  margin  of  ice,  and  n  area  of  hemisphere.  Table 
XVIII  has  been  computed  in  accordance  with  this  ratio.  It  is 
graphically  depicted  in  diagram  VII,  in  which  the  vertical  scale 
of  the  ice-cap  is  greatly  magnified. 

TABLE  XVIII. 
Maximum  thickness  of  let-cap. 


Latitude. 

Temper' 

ature. 
—  Dove. 

Vapor- 
tension. 

10* 

+79.9*  F. 

1.020  in. 

20 

77.4 

.940 

30 

69.8 

.728 

40 

56.5 

.457 

60 

41.7 

.264 

60 

30.S 

.168 

70 

IG.O 

.090 

80 

6.8 

.059 

90 

8.3 

.048 

TUICKN'ESS  OF  ICE-CAP. 


Value  of 


55  871 

46  753 

32  749 

18  504 

9  777 

6  728 

2  600 

1  799 

1  440 


Miles. 


10.583 

8.855 

6.203 

3.522 

1.852 

1.085 

.530 

.341 

.273 


It  is  almost  needless  to  reiterate  the  proposition  already  de- 
monstrated, that  vapor  could  not  be  borne  far  enough  within  the 
margin  of  the  ice  to  affect  materially  the  above  results,  without 
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seriously  deranging  the  sequence  of  phenomena  to  which  the  ice 
owes  its  origin  and  conservation. 


Diagram  VII. 

The  suggestion  that  the  property  of  flowing  might  enable  the 
ice  to  assume  a  uniform  depth  may  be  anticipated  by  mentioning 
that  the  polar  slope  above  given  is  less  than  one-tenth  of  that 
requisite,  according  to  Hopkins'  experiments,  to  produce  the 
slightest  motion. 

2.  Comparison  wrrH  ths  ice-cap  theort. 

Concomitants  of  the  theory, — The  ice-cap  theory  seems  to  have 
been  framed  chiefly  to  account  for  the  equatorial  motion  of  the 
quaternary  glaciers.  Now,  to  be  consistent  with  itself,  the  theory 
requires  that  the  assumed  thickness  of  the  cap  shall  be  sufficient  to 
form  a  slope  down  which  ice  will  flow  by  gravitation  alone. 
Hopkins  found  that  ice  barely  moves  on  a  slope  of  one  degree ; 
and  there  is  no  evidence  that  existing  glaciers  move  on  a  less 
slope.  To  form  such  a  slope  from  lat.  40**  to  the  pole,  the  polar 
thickness  of  the  ice  would  have  to  be  60  miles — the  **  twenty 
leagues  **  of  Adhemar.  If,  with  the  same  mean  thickness,  it  ex- 
tended only  to  lat.  45°,  the  content  of  the  cap  would  be  575,000,000 
cubic  miles,  equal  (the  density  of  ice  to  water  being  as  .92  to  1)  to 
529,000,000  cubic  miles  of  water.    But  taking  the  water-area  of 


494  MAXIMUM    STNCHRONOUS   GLACIATION  ; 

the  globe  at  145,000,000  square  miles,  and  the  mean  depth  at 
12,144  feet,  or  2.3  miles,^  we  find  that  all  the  water  of  the  globe 
amounts  to  only  333,500,000  cubic  miles  or  but  little  more  than 
three-fifths  of  that  required  to  form  the  assumed  ice-cap. 

If  the  above  estimate  seems  too  large,  let  it  be  reduced  by 
seven-eighths,  which  will  bring  it  well  within  the  bounds  prescribed 
by  more  moderate  advocates  of  the  theory  ;  but  even  then  it  is  too 
large  to  be  admissible ;  for  it  would  require  one-fifth  of  the  water 
of  the  globe  to  form  even  the  smaller  ice-cap.  But  diminishing 
the  water  of  the  globe  by  one-fifth  would  diminish  the  water- 
covered  area  by  a  considerably  larger  fraction  ;  for  the  sea-bottom 
does  not  descend  uniformly  to  the  deeper  abysses.  The  slope  is, 
usuall}',  gentle  for  a  considerable  distance  from  the  shore,  and  then 
steep  and  precipitous  to  the  abyssal  depths.  Reducing  the  water 
by  one-fifth  would  therefore  probably  reduce  the  area  covered  by 
it  one-third.  Suppose  now  the  ice-cap  to  be  around  the  south 
pole :  The  diminution  caused  by  the  removal  of  so  much  water, 
and  the  farther  diminution  resulting  from  the  displacement  of  the 
earth's  centre  of  gravity,  would  drain  nearly  all  the  water  fmm 
the  northern  hemisphere.  But  the  consequent  stoppage  of  marine 
circulation  and  of  the  formation  of  aqueous  vapor  would,  as  shown 
in  Section  I,  so  increase  the  diurnal  and  annual  thermometrical 
range  as  to  render  the  hemisphere  uninhabitable  for  existing  or- 
ganisms. 

Relative  mass  of  the  two  ice-caps. — Assuming  the  ice-field  tab- 
ulated above  to  be  of  uniform  thickness  for  five  degrees  on  each 
side  of  each  of  the  parallels  given,  and  to  extend  to  lat.  45°,  its 
mean  depth  would  be  1.356  miles.  Its  mass  wpuld  therefore  be 
only  T^  of  the  larger  or  a  little  over  ^  of  the  smaller  of  the  ice- 
caps considered  in  the  preceding  paragraphs.  It  is  the  smaller 
ice-cap  which  is  represented  in  diagram  VII.  It  should  be  borne 
in  mind,  too,  that  this  is  the  maximum  synchronous  accumulation 
under  more  favorable  conditions  than  would  be  likely  to  obtain 
in  nature.  The  consequent  displacement  of  the  earth's  centre 
of  gravity  has  accordingly  not  been  computed. 

M  Sir  Wy ville  Thomson  says :  **  It  scorns  now  to  be  thoroughly  established  by  lines 
of  trustworthy  soundings  which  have  been  run  in  all  directions,  that  the  average  depth 
of  the  ocean  is  a  litUo  over  2,000  fathoms."  American  Journal  of  Sciencej  vol.  XVI, 
(1878).  p.  351.  Dr.  Krilmmel  estimates  the  mean  depth  at  1877  fathoms.  See  note  in 
Popular  Science  Uonthly,  vol.  XVI,  Dec.  1879,  p.  887. 
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CONCLUSION. 

It  seems  quite  safe  to  affirm  that  in  any  extensive  polar  ice-field 
the  thickness  will  decrease  from  near  the  margin  towai'd  the  pole, 
where  the  attenuation  will  be  greatest.  It  may  accordingly  be 
concluded  that  a  sufficient  accumulation  of  polar  ice  to  displace 
seriously  the  earth's  centre  of  gravity,  or  influence  the  motion  of 
middle-latitude  glaciers,  never  can  have  taken  place  in  this  hemi« 
spliere. 

PART  ni. 

SECT.  I.— THE  NATURE  AND  CAUSE  OF  ICE-MOTION. 
1.  Present  state  op  the  question. 

Properties  of  ice-streama, — The  surface  of  ice-streams  has  been 
found  to  possess  a  slow  differential  motion,  analogous  to  that  of 
rivers.  As  in  rivers  too,  the  motion  is  more  rapid  near  the  surface 
than  near  the  bottom ;  though  it  does  not  seem  to  have  been  es* 
tablished  that  the  decrement  from  the  locus  of  greatest  velocity  to 
that  of  the  least  corresponds  precisely  with  that  of  rivers,  which 
is  represented,  according  to  Humphreys  and  Abbott,  by  a  parabola. 
Ice-streams  also  follow  irregular  and  tortuous  channels,  and  two 
or  more  may  unite  and  become  incorporated  ;  and  moreover,  when 
the  slope  of  the  channel  increases,  the  ice  diminishes  in  depth  and 
increases  in  velocity  just  as  does  the  water  of  rivers.  But  here 
the  analogy  with  rivers  ceases. 

When  a  glacier  terminates  at  the  brink  of  a  precipice,  the  ice 
may  break  off  by  its  own  weight  and  fall  down  in  sections  like  a 
solid,  or  it  may  bend  downward  and  become  drawn  out  into 
stalactite-like  masses,  as  in  Kane's  Northumberland  glacier. 

Properties  of  smaller  ice-masses. — A  bar  or  sheet  of  ice  sup- 
ported at  its  extremities  gradually  bends  downward  by  its  own 
weight ;  and  a  slender  bar  may  be  bent  into  any  form  by  appli- 
cation of  gentle  pressure;  but  if  the  pressure  is  excessive,  a 
clean  fracture  ensues.  If  the  fractured  surfaces  are  brought  into 
contact,  they  re-unite ;  and  if  firmly  pressed  together,  the  union 
becomes  strong.  When  subjected  to  great  pressure,  ice  may  be 
moulded  into  any  shape,  or  even  forced  through  a  small  aperture 
in  the  form  of  a  slender  rod ;  and,  as  shown  by  Biancoui's  exper- 
iments, when  a  pebble  or  a  plate  of  iron  is  forced  into  its  surface. 
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the  ice  rises  all  around  precisely  as  in  the  case  of  pitch,  or  oil, 
or  even  water,  but  the  motion  is  very  much  slower. 

Theories  of  ice-motion, — Lack  of  space  will  prevent  the  discas- 
sion  of  the  several  theories  which  have  been  framed  to  explain 
ice-motion.  The  "viscous  theory"  is  that  provisionally  adopted ; 
and  some  of  the  objections  thereto  will  be  noticed  in  the  following 
pages. 

2.  The  viscous  theory. 

Difficulties  of  the  theory, — More  than  a  hundred  years  ago, 
Bordier  suggested  that  the  ioe  of  glaciers  moves  forward  in  conse- 
quence of  plasticity  or  semi-fluidity  of  the  ice.  Nearly  forty 
years  ago  the  same  idea  was  more  fully  developed  by  Rendu ;  and 
shortly  after  the  viscous  theory  proper  was  enunciated  by  Princi- 
pal Forbes.  This  theory  has  been  almost  generally  rejected,  not 
because  it  fails  to  explain  glacier  or  ice-motion  in  all  its  phases, 
but  apparently  because  it  seems^  at  a  casual  glance,  to  be  contra- 
dicted by  our  ordinary  experience  of  ice. 

Thus,  ice  is  apparently  perfectly  rigid  in  its  normal  condition, 
and  so  brittle,  as  shown  by  Tyndall,  that  a  slight  blow,  if  properly 
directed,  will  split  open  a  block  ten  or  fifteen  cubic  feet  in  volume. 
Moreover,  while  the  rate  of  glacier-motion  is  found  to  vary  with 
the  temperature  (in  consequence  of  which  Principal  Forbes  was 
led  to  suggest  that  ice  is  more  viscous  and  yielding  when  mixed 
with  water  than  when  wholly  unmelted),  small  masses  of  ice  are 
found,  when  experimented  with,  to  pass  at  once  from  the  solid  to 
the  liquid  state  without  any  intermediate  viscous  stage.  An  eflfort 
will  be  made  to  show  that  these  difl9culties  are  only  superficial. 

Rigidity  and  brittleness  of  ice, — The  rigidity  of  ice  is  only  ap- 
parent; for  it  has  been  shown  repeatedly  that  when  ice  is  sub- 
jected to  pressure  it  invariably  yields  without  visible  fracture. 

Its  brittleness  is  due  to  its  peculiar  molecular  arrangement,  and 
does  not  in  any  way  militate  against  the  viscous  theory  of  ice- 
motion.  In  nearly  every  case  of  fracture,  it  can  be  shown  that  the 
disruption  took  place  along  lines  or  planes  of  tension  initiated  by 
the  blow  or  other  application  of  force  producing  the  fracture. 
The  effect  of  tension  may  therefore  be  considered,  bearing  in  mind 
the  fact  that  in  ice  at  32**,  which  contains  no  portion  of  its  latent 
heat  (the  necessity  for  this  proviso  will  be  developed  later),  each 
and  every  crystal  is  at  its  greatest  possible  size.  Any  further 
diminution  of  temperature  will  diminish  the  size  of  each  crystal. 
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Owing  to  the  greater  density  of  water  than  ice,  ice  may  be 
melted  by  pressure.  It  will  be  shown  a  page  or  two  hence  that 
a  given  pressure  is  not  only  the  mechanical  equivalent  of  a 
measurable  quantity  of  heat,  but  that  its  fiii^ecific  effect  upon  the 
molecules  of  ice  is  precisely  similar.  Conversely,  tension  lowers 
the  temperature  of  ice,  and  thus  diminishes  the  size  of  its  ciystals ; 
and  the  diminution  may  occur  so  rapidly  that  there  is  not  sufficient 
time  for  the  distribution  of  the  strain,  and  hence  fracture  flies  along 
the  line  of  tension,  perhaps  with  explosive  rapidity  and  violence. 
If  from  any  cause  the  ice  is  already  in  tension,  a  slight  expenditare 
of  force  may  lead  to  extraordinary  results,  as  when  on  a  cold,  still 
night  the  steel  runner  of  a  boy's  skate  initiates  a  fracture  miles  in 
length  in  the  ice  bridging  a  river. 

If  a  plane  of  low  temperature  could  be  projected  rapidly  (but 
not  instantaneously)  through  a  block  of  ice,  fracture  would  be 
likely  to  take  place  along  the  plane,  even  if  no  other  mechanical 
force  were  exercised.  In  case  of  a  blow,  disruption  is  the 
conjoint  result  of  the  propagation  of  such  a  plane  and  of  the. 
simple  tension  acting  as  in  other  bodies. 

Molecular  effect  of  heat  upon  ice, — The  least  possible  number  of 
molecules  of  HjO  that  can  be  so  grouped  together  as  to  form  not 
water  but  ice,  may  be  denominated  a  crystal  when  frozen,  and  a 
droplet  when  melted.  To  elevate  the  temperature  of  such  a  crys- 
tal one  degree  requires  the  expenditure  of  one  unit  of  heat ;  but  to 
melt  it,  when  at  32®,  requires  the  expenditure  of  143  units  of  heat. 
Now  what  becomes  of  the  heat  so  expended  ?  Professor  Tyndall 
tells  us  that  it  is  employed  in  pulling  the  molecules  asunder ;  or 
in  other  words,  in  diminishing  their  mutual  attraction.  Now  if 
this  is  true  of  an  isolated  crystal,  we  must  conclude  that  the 
rigidity  of  the  ciystal  diminishes  with  the  accession  of  heat,  just 
as  the  rigidity  of  iron,  or  copper,  or  tallow  does — though  in  these 
bodies  the  heat  does  not  become  latent.  It  would  seem  that  in 
ice  the  heat  is  spent  in  changing  the  direction  of  motion,  instead 
of  only  the  velocity,  as  in  other  bodies  ;  and  that  the  ice,  being  in 
unstable  equilibrium,  greedily  absorbs  all  accessible  heat,  and 
employs  it  in  that  particular  capacity.  It  is  not  therefore  allowed 
to  become  sensible.  We  shall  see  that  an  effect  of  this  change  in 
the  direction  of  motion  is  to  diminish  the  size  of  the  ciystal. 

Similarly  with  the  isolated  crystal,  if  we  could  equally  apply 
beat  to  every  crystal  in  a  block  of  ice  or  in  a  glacier,  it  would 
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seem  to  necessarily  follow  that  rigidity  would  gradually  diminish 
and  plasticity  or  viscosity  supervene — that  tlie  melting  should  be 
gradual  as  in  other  solids.  The  natural  objection  to  such  a  con- 
clusion, and  that  usually  considered  fatal  to  it,  is  this :  practically 
a  block  of  ice  does  not  thus  become  plastic ;  when  experimented 
with  it  is  always  either  rigid  ice  or  mobile  water;  and  the  trans- 
formation from  the  one  to  the  other  is  instantaneous,  as  bean- 
tifully  illustrated  by  the  sudden  appearance  of  the  liquid  stars  in 
ice  subjected  to  pressure.  A  competent  answer  to  this  objection 
was  suggested  by  the  interesting  experiments  with  floating  mag- 
nets, conducted  by  Professor  A.  M.  Mayer,  over  a  year  ago.  It 
is  simply  this:  In  practice  the  crystals  are  not  equally  heated. 
How  unequal  heating  of  the  crj'stals  prevents  plasticity  from 
accompanying  the  absorption  of  heat  may  be  made  clear  by  a 
study  of  the  behavior  of  a  single  crystal  in  a  block  of  ice  exposed 
to  the  action  of  heat.  Pmfessor  Mayer's  diagrams,  two  of  which 
are  reproduced  in  figure  2,**  will  aid  us  in  fonning  a  conception  of 
the  molecular  change  probably  accompanying  liquefaction. 


Fi9,;t. 


This  physicist  has  found  that  small  magnets  floating  freely  upon 
the  surface  of  a  liquid  arrange  themselves  in  certain  regular  forms 
when  acted  upon  by  a  larger  magnet  suspended  above  them. 
Several  different  numbers  of  magnets  have  the  property  of  arrang- 
ing themselves  in  two  or  more  different  forms.  Thus,  five  mag- 
nets may  assume  either  the  form  of  a  regular  pentagon  or  of  a 
square  with  a  central  magnet.  It  is  these  two  figures  that  we  are 
interested  in :  the  pentagon  is  designated  form  W,  and  the  square 
with  its  central  magnet  form  I.  Now  the  area  circumscribed  by 
the  magnets  in  form  I  is  greater  than  that  in  form  W  in  about  the 
ratio  of  the  density  of  water  to  ice ;  and  Professor  Mayer  sug- 

^Tho  oriprinnl  diagrams  wci*e  rormed  by  inking  tho  tips  of  the  magnetfi,  and  bringing 
down  upon  thcni  a  clean  sheet  of  paper.  Thej'  were  then  engraved  on  a  somewhat 
reduced  scale  by  the  i»hoto»cngraving  pi'occss.  Those  here  given  were  formed  by 
pricking  through  Mayer's  diagrams  in  the  American  Journal  of  ScUnee  (vol.  XVl,  Oct.t 
1878,  p.  248)  into  n  sheet  1>ehind,  which  was  thcu  inked,  and  again  reproduced  to  a 
•mailer  scale  by  tho  same  process. 
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gests  that  the  greater  density  of  water  than  ice  may  be  due  to 
some  such  different  grouping  of  the  molecules  as  that  exhibited 
by  the  magnets — the  molecules  being  grouped  together  in  water 
as  in  form  W,  and  in  ice  as  in  form  I.  Of  course  the  illustration 
is  imperfect,  as  the  magnets  float  in  a  space  of  but  two  dimensions, 
while  the  molecules  arrange  themselves  in  one  of  three ;  and  more- 
over we  do  not  know  how  many  molecules  form  a  crystal  of  ice. 
Nevertheless,  though  the  illustration  may  be  wide  of  what  actually 
occurs,  it  is  quite  certain  that  the  results  about  to  be  stated  follow. 

These  magnets  of  Mayer,  when  in  the  form  I,  may  be  drawn 
toward  the  positions  occupied  in  form  W  by  the  application  of 
external  force.  This  requires  a  constant  but  constantly  decreasing 
expenditure  of  force  until  they  reach  an  intermediate  position 
(theoretically)  in  which  the  attraction  in  both  directions  is  equal. 
If  they  are  pushed  beyond  this  position  they  will  of  themselves 
move  into  the  positions  occupied  in  form  W,  and  will  do  work  in 
80  moving.  Precisely  similar  must  it  be  with  the  molecules  form- 
ing a  crystal  of  ice.  Energy  in  the  fonn  of  heat  has  the  power  of 
pushing  these  molecules  from  the  positions  occupied  in  ice  toward 
those  occupied  in  water;  and  to  push  them  to  the  intermediate 
point,  where  the  attraction  in  both  directions  is  equal,  requires  an 
expenditure  of  Just  143  units  of  heat.  The  molecules  are  then 
ready  to  fall  into  form  W — to  change  from  ice  to  water ;  but  to  do  so 
the  size  of  the  crystal  must  be  still  farther  reduced,  and  a  tension  is 
formed  all  around  it.  But  the  tension  is  equivalent  to. a  reduction 
of  temperature,  as  shown  by  Dr.  Joule.  Hence  as  much  heat 
(probably)  as  was  required  to  push  the  molecules  into  the  interme- 
diate position  is  suddenly  absorbed  when  the  form  W  is  assumed 
— when  the  crystal  of  ice  becomes  a  droplet  of  water.  But 
whence  comes  this  heat?  Obviously  it  is  abstracted  from  the 
surrounding  crystals  of  the  block.  Thus  each  crystal  of  ice 
probably  abstracts  as  much  heat  from  its  neighbors  on  melting  as 
would  cool  a  like  quantit}'  of  ice  143  degrees  if  taken  from  it  alone. 
If  two  crystals  were  about  to  melt,  the  melting  of  the  one  might 
absorb  all  of  the  latent  heat  possessed  by  the  other.    • 

This  rapid  absorption  of  heat  by  melting  ice  has  been  observed 
by  members  of  Accademia  del  Cimenta,  "  who  found  that  the 
water  in  a  vessel  surrounded  by  ice  cools  more  rapidly  if  the  ice 
be  heated  to  accelerate  fusion  ;  "  and  it  appears  from  the  experi- 
ments of  Dr.  Grass i  that  a  perfectly  analogous  phenomenon  occurs 
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when  water  is  beatecl  to  its  critical  temperature  {Scientific 
can.  vol.  XLIII,  1880,  p.  160). 

The  first  effect,  then,  which  is  produced  upon  a  block  of  ice 
8uhjecte<l  to  the  action  of  heat,  is  to  diminish  equally  the  cohesioo 
of  the  exposed  molecules.  But  ice  is  an  imperfect  conductor. 
Hence  if  the  block  receives  heat  at  all  rapidi}',  it  cannot  so  dis- 
tribute it  as  to  affect  all  the  cr^'stals  alike ;  and  as  soon  as  melting 
begins,  the  remaining  cr^'stals  are  made  rigid  again.  This  prin- 
ciple explains  the  anomalous  deportment  of  ice  when  experimented 
with.  It  is  only  when  the  accession  of  heat  is  so  slow  that  it  may 
be  equally  distributed  through  all  parts  of  the  mass  that  rigidity 
can  gradually  diminish  and  plasticity  or  viscosity  supervene.  But 
ice  in  glaciers  often  receives  heat  so  slowly  that  it  may  all  be 
equally  distributeil ;  and  even  when  melting  is  in  progress  tbe 
mass  is  so  great  that  only  a  small  portion  is  affected  by  the  ab- 
straction of  heat  accompanying  liquefaction. 

That  ice  becomes  plastic  when  slowly  n>elted  is  a  matter  of 
common  observation.  Professor  Bianconi's  ex{)eriments  undoubt- 
edly owe  a  large  part  of  their  success  to  the  fact  that  they  were  per- 
formed in  air  whose  temperature  was  slightly  higher  than  that  of 
ice.  Canon  Moseley's  conflicting  results  in  endeavoring  to  deter- 
mine the  shearing-force  of  ice  are  explained  by  Dr.  Croll  as  being 
at  least  partly  due  to  the  reception  of  heat  by  the  ice  while 
undergoing  experiment.  Lieut.  Weyprecht  found  that  a  block  of 
ice  immersed  five  metres  below  the  surface  of  an  ice-covered  sea 
becomes  covered  with  a  crust  of  new  ice,  which,  before  melting, 
became  so  soft  as  to  be  easily  impressed  by  the  finger.^  A  bloff 
from  a  hammer  upon  a  block  of  ice,  which  has  for  some  time  been 
exposed  to  a  temperature  below  the  freezing-point,  grinds  a  little  of 
the  ice  to  powder,  and  perhaps  starts  off  a  few  scales  and  splinters, 
but  makes  no  other  indentation.  The  effort  to  drive  a  spike  into  it 
starts  off  a  few  scales ;  and  if  the  driving  is  persisted  in,  minute 
cracks  diverge  from  the  spike,  and  the  block  is  split  into  fragments. 
If,  however,  the  block  has  for  some  daj's  been  expose<l  to  a  tem- 
perature so»  little  above  the  freezing-point  that  superficial  lique- 
faction does  not  take  place,  its  behavior  will  be  found  quite 
different.     A  blow  from  a  hammer  produces  a  distinct  indentation, 

••Bianconi,  Scientijle  American,  vol.  XXXV,  18TC,  p.  407.  Croll,  "Climate  and  Time," 
Am.  eU.,  p.  502,  et  seq.  Weyprecht,  review  of  *'Dic  Mctamoii)hut>eD  dcs  Polarcise*,** 
by  H.  N.  Moseley,  Nature,  vol.  20, 1871),  p.  074. 
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but  raay  not  start  off  a  splinter ;  and  a  slender  spike  may  be  driven 
through  the  mass  without  a  sign  of  fracture.  Sitch  a  condition 
does  not  supervene  if  the  ice  is  exposed  to  a  high  temperature j  as  it 
usually  is  in  summer.  Ice  on  ponds  and  sluggish  rivers,  when 
slowly  melted  beneath  a  cloudy  sky,  becomes  first  softer  and  more 
yielding  and  afterwards  so  spong}'  and  "rotten"  us  to  sustain  al- 
most no  weight.  The  interstices  formed  by  the  decrease  in  size 
of  the  crystals  become  filled  with  water  by  capillary  attraction, 
and  it  gradually  changes  to  a  mass  of  isolated  crystals — the 
"sludge"  of  sailors. 

In  freezing,  the  same  stages  are  often  passed  through,  as  has 
frequently  been  obsen^ed  in  arctic  seas.  Thus  Dr.  Kane  records  that, 
on  the  9th  of  September,  1850,  Lancaster  Sound  was  "a  viscid 
sea  of  sludge."  On  the  11th,  "the  sludge  ice  had  drawn  in 
around  us,  and  almost  congealed  under  our  stern."  On  the  ISth, 
the  tenacity  of  the  ice-fields  increased,  the  temperature  having 
fallen  to  +5®;  and  during  the  following  night  the  progress  of 
the  vessel  was  more  and  more  retarded,  and  finally  altogether 
stopped.^ 

Nor  is  it  until  the  freshly  formed  ice  has  been  for  man}'  days 
e!qiosed  to  the  intense  cold  of  the  arctic  winter  that  it  parts  with 
so  much  of  its  latent  heat  as  to  become  perfectly  rigid  and  brittle. 
Dr.  Kane,  whose  experience  may  be  taken  as  representative  of  that 
of  arctic  explorers  generally,  relates  further  that  even  after  the  ice 
had  become  solid,  and  had  reached  a  thickness  of  fourteen  inches, 
when  driven  against  the  vessel  "the  semiplastic  mass  became  im- 
pressed with  a  mould  of  her  side."  "With  matured  ice  nothing 
of  iron  or  wood  could  resist  such  pressure,  as  that  to  which  the 
Reliance  was  subjected."  ^^ 

The  foregoing  considerations  indicate  that  ice,  in  spite  of  its 
apparently  contradictory  behavior  under  certain  circumstances, 
becomes  plastic  and  viscous,  and  tends  to  decrease  in  volume  on 
absorbing  its  latent  heat.  These  corollaries  follow:  —  (1)  Ice 
ma}'  increase  or  diminish  in  volume,  while  its  temperature  remains 
constant.  (2)  The  viscosity  of  ice  may  increase  or  diminish, 
while  it  remains  constantly  at  a  temperature  of  32°.  (0)  The 
rate  of  ice-motion,  if  due  to  viscosity  as  appears,  will  vary  with 
the  rate  of  accession  of  heat. 

Jjifluoic^  of  pressure, —  If  the  molecular  effect  of  heat  upon  ice  is 

»•  •'  In  Ihe  Frozen  Zone,"  p.  433,  et  seq. 
•7  Jldd.,  pp.  445-a. 
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as  detailed  above,  it  follows  that  a  given  pressure  is  not  only  t 
mechanical  equivalent  of  a  certain  qnantit}'  of  heat,  but  also  affe< 
the  molecules  of  the  ice  in  precisely  the  same  manner.  That  pn 
sure  lowers  the  melting-point  of  ice  is  well  known  —  iDdee<l  Moi 
son  melted  ice  at  zero,  Fahrenheit,  by  subjecting  it  to  a  pressc 
of  13,000  atmospheres.^  Viewed  as  a  whole,  then,  a  thick  glaci 
would  be  more  plastic  and  viscous  than  a  thin  one,  if  the  rate 
accession  of  heat  were  equal ;  and  it  would  be  plastic  at  a  lovi 
rate  of  accession.  For  ice  may  be  perfectly  rigid  and  brittle  (ai 
must  be  nearly  so)  if  kept  constantly  a  little  below  the  freezin 
point  and  not  subjected  to  pressure.  Professor  Tyndall  found  th 
snow  below  32^*  does  not  possess  the  property  of  regelation.^ 

3.   Analogies  of  ice  witu  other  substances. 

Analogies  with  solids. — It  has  already  been  stated  that  a  slendi 
bar  of  ice  may  be  bent  into  any  form  by  gentle  pressure,  and  thai 
when  broken,  it  may  be  welded  by  simply  pressing  the  fracture 
surfaces  together ;  but  these  properties  are  common  to  most  solicb 
It  is  true,  however,  that  greater  relative  pressure  is  requisite  to  we ' 
other  solids,  because  the  ice,  when  experimented  with,  is  usuak 
covered  with  a  film  of  water  which  aids  in,  or  even  wholly  acco* 
plishcs,  regelation  as  lucidly  explained  by  CroU  \^  and  even  if  ci 
so  covered  before  the  pressure  is  applied,  a  slight  exertion  of  fon 
is  sufficient  to  liquefy  the  projecting  points  first  brought  into  coj 
tact,  and  the  water  so  formed  immediately  freezes  when  the  pro 
sure  is  removed.  This  distinction  from  other  solids  should  b 
borne  in  mind. 

A  stick  of  shoemakers*  wax  may  be  bent  into  any  form  b; 
gentle  pi*essure  ;  but  if  the  pressure  is  excessive,  a  clean  fractun 
ensues.  If  these  fractured  surfaces  are  pressed  together,  the  stici 
re-unites ;  and  if  the  pressure  is  considerable,  and  is  continued  fo^ 
some  minutes,  the  union  becomes  strong.®^    The  slow  fluid  motion 

•»  Ann.  of  Ch€M.  imd  Phyt\  Sd  Series,  vol.  LVI,  p.  232. 

w "Heat.'*  etc..  Am.  ed.,  p.  170. 

"  ••  Climate  nnU  Time,"  p.  550. 

«•  While  incparing  the  final  eoi>y  of  this  paper  for  the  press  the  writer  stnBW*^* 
the  foUawinpr  item  in  a  daily  newspaper: —**Shoemaker8>  wax  hns  been  B*«<1  **" 
surccss  In  Glasgow  to  illu>trate  to  the  students  of  natural  philosophy,  Id  a  bkhW*  '■• 
flow  of  glaciers.    It  is  wonderful  how  closely  the  flow  of  this  wnx  peseaWto*  •^'^ 
ice.    Sir  VV.  Thomson  has  also  employed  this  sort  of  wax  to  show  the  motion  <^  M**" 
bodies  like  cork,  and  heavier  bodies  like  bullets,  throngfa  a  fiscoas  SQbi4an'<' 
more  extended  notice  of  experiments  has  acconlingly  becDStrickou  oat.  Tbeii**'*'** 
reconls  of  those  named  above  have  not  been  seen  up  to  Uiis  wntkig  (JaDBAry.  i^)- 
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of  Stockholm  pitch  so  solid  and  brittle  as  to  separate  into  angular 
fragments,  with  a  conchoidul  fracture  and  glassy  lustre,  on  the 
application  of  sudden  force,  was  long  ago  pointed  out  by  Forbes 
(**  Occasional  Papers  on  the  Theory  of  Glaciers,"  1859,  pp.  93, 
269). 

A  thin  bar  of  lead  and  a  sheet  of  zinc  (weakened  by  pei-fora- 
tions  an  inch  in  diameter  and  an  inch  and  one-half  from  centre  to 
centre)  were  bent  into  the  form  of  arcs  of  circles,  and  were  laid, 
with  the  convexity  downward,  upon  a  level  surface.  After  a  time 
ranging  from  one  to  several  days,  according  to  the  degree  of  con- 
vexity, the  curvature  disappeared,  with  the  exception  of  a  small 
portion  at  either  end.  If  a  slight  weight  was  placed  upon  either 
extremity  of  the  arc,  the  time  of  straightening  was  diminished, 
and  the  extremities  were  brought  down  upon  the  subjacent  surface. 
That  lead  may  be  united  by  simple  pressure  is  sufficiently  attested 
by  the  process  of  manufacturing  lead  pipe,  and  also  by  the  finding 
of  bullets  thoroughly  welded  evidently  by  impact  in  the  air.  It 
is  said  to  require  constant  care,  in  armories  where  leaden  bullets 
are  punched  from  bars,  to  prevent  the  welding  of  the  bullets  to  the 
steel  punches. 

In  his  experiments  on  the  welding  of  solids  by  pressure,  M. 
Spring  has  found  that  out  of  eighty  pulverized  solid  bodies  all  of 
crystalline  structure  were  capable  of  welding  at  pressures  of  10,000 
atmospheres  or  less.  M.  Spring  says  that  the  facts  described  do 
not  essentially  differ  from  those  observed  when  two  drops  of  a 
liquid  meet  and  unite." ®^ 

Professor  W.  A.  Norton,  in  a  paper  on  the  "Variability  of  the 
Ultimate  Moiecule,"®^  shows  that  when  stress  is  applied  to  iron  or 
other  material  a  permanent  set  results,  which  remains  after  the 
stress  has  been  removed.  It  is  not  shown  by  Professor  Norton's 
experiments  that  the  set  increases  with  the  time  during  wliich  the 
strain  is  applied  ;  but  that  it  does  so  is  practically  recognized  by 
mechanicians,  especially  when  wood  is  the  material  subjected  to 
strain.  Moreover,  Professor  R.  H.  Thurston  discovered  some 
years  ago  that  when  a  bar  of  iron  was  left  in  his  testing  machine 
under  heavy  strain  for  sixty-two  hours,  the  strength  of  the  metal 
increased  20  per  centJ^^     Similar  experiments  have  shown  that  the 

«a  Xaturf,  vol.  22,  No.  15,  p.  f  50. 

M  American  Journal  of  Science,  vol.  XVII,  March.  1870,  p.  183. 

•*  Scieut\nc  American,  vol.  XXIX,  Nov.  29, 1873,  p.  33G;  Trant.  Am,  Soc,^  C,  E,,  vol. 
II,  p.  3^0;  Jour.  Franklin  Just.,  Mch.,  1874,  pp.  150-;, 
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streDgth  of  a  bar  of  iron,  strained  to  the  point  of  rupture  and  then 
relieved,  increases  within  some  months  to  a  greater  degree  than 
before  the  application  of  the  stress.  The  above  experiments  show 
that  molecular  rearrangement  takes  place  not  only  when  the  ma- 
terial is  subject  to  strain,  but  when  idle.  Crystallization  is  an 
exhibition  of  the  same  property.  That  iron  may  be  welded  by 
simple  pressure  is  attested  by  numerous  correspondents  to  the 
Scientific  Amencan  (the  foremost  mechanical  journal  in  the  United 
States)  who  have  recorded  cases  of  the  welding  of  mill  spindles 
to  the  steps  upon  which  they  revolved,  in  almost  all  cases  without 
heat.^*  Such  a  weld  is  perfect,  and  seems  to  be  due  to  the  pres- 
sure which  first  drives  the  lubricant  from  between  the  highly  pol- 
ished surfaces,  and  then  forces  the  parts  into  molecular  contact. 

The  most  anomalous  properties  of  ice,  such  as  taking  the  form 
of  a  mould,  or  of  flowing  in  the  direction  of  least  resistance,  are 
common  to  metals,  as  experimentally  demonstrated  by  the  di- 
rector of  the  Conservatoire  des  Arts  et  Metiers  in  Paris,  M.  Tresca, 
and  others.  M.  Tresca's  experiments,  published  in  La  Poin^H' 
nage  des  Metaux^  indicate  the  law,  common  to  metals,  which  he 
states  as  follows : — "When  pressure  is  exerted  upon  the  surface 
of  any  material,  it  is  transmitted  in  the  interior  of  the  mass  from 
particle  to  particle,  and  tends  to  produce  a  flow  of  metal  in  the 
direction  in  which  resistance  is  least."  ^  Lead  forced  lhix>ugh  a 
narrow  aperture  by  pressure  exhibits  all  the  characteristics  of  a 
flowing  liquid,  even  to  "contraction  of  the  vein."^*''  The  practical 
bearing  of  the  law  of  the  flow  of  solids  has  been  discussed  by  Mr. 
Chandler  Roberts,  F.  R.  S.,  Chemist  to  the  Mint,  who  says, — 
"when  metals  are  subjected  to  compression,  they  so  closely  re- 
semble fluids  in  their  behavior,  that  the  shape  they  will  assume 
can  be  deduced  by  calculation.  It  is  even  possihle  to  lay  down 
the  trajectory  of  the  molecules  of  the  compressed  metal,  and  to 
establish  with  certainty  the  final  places  they  will  occupy  as  com- 
pare<i  with  their  initial  positions."^® 

The   plasticity  of  large  rock-masses  is  too  well  known  to  all 

"See  especinlly  vols.  XXXVI  nnd  XXXVII  (1877).  For  character  of  weld,  see  to!. 
XXXVI.  p.  294, 34.  It  is  in  discussing  tlieso  phenomena  tliat  a  correspondent  mentions 
tbo  welding  of  leaden  bullets  to  steel  punches  in  Woohvich  Arsenal. 

•0 Quoted  ill  Scientific  American  Supplement,  No.  119,  Ai)r.  13,  1878,  p.  1805,  by  Darid 
Townsend,  who  describes  numerous  experiments  illustrating  the  flow  of  iron. 

«T  Loc.  cit..  Xo.  82,  July  28. 1877,  p.  1304.  Mr.  Lewis  C.  Ware,  C.  E.,  here  veriflcg  the 
theory  of  the  flow  of  metals  by  mathematioal  analysis. 

«  Loc.  cU.,  No.  191,  Aug.  30, 1879,  p.  304C. 
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students  of  orographical  d^'namics  to  require  extended  mention ; 
and  similar  plasticity  in  smaller  masses  is  also  not  uncommon. 
Geo.  L.  Vose  several  years  ago  described  the  distortion  of  the 
pebbles  forming  a  conglomerate  at  Rangely  lake,  Maine ;  ^^Zirkel 
mentions  similar  phenomena  as  exhibited  maicroscopically  by  the 
nagelflues  of  Switzerland  and  microscopically  by  the  older  clastic 
rocks  of  Nevada  ;^®  and  Clarence  King  describes  Cambrian  quartz- 
itic  conglomerates  of  the  same  territory  in  which  "  all  the  pebbles 
are  much  flattened,  and  not  infrequently  they  are  welded  together, 
squeezed  into  one  another,  having  evidently  become  plastic  when 
under  great  pressure.  Tliere  is  not  a  crack  or  divisional  plane  in 
these  welded  |>ebbles."  ^*  The  same  writer  "  has  observed  that 
slabs  of  marble  when  supported  by  their  ends  sag  in  the  middle, 
taking  a  ]>ermanent  set."  "^^ 

It  is  these  identical  properties  which  preeminently  characterize 
ice ;  and  it  behooves  those  who  deny  its  viscosity  to  explain 
also  the  flowing  of  solids  on  some  other  hypothesis.  There 
seems  to  be  no  essential  difference  between  the  flow  of  ice 
and  that  of  other  solids. 

Analogies  with  liquids. — When  a  pebble  is  dropped  into  water, 
the  liquid  is  forced  out  in  all  directions,  forming  an  elevated  rim 
circumscribing  the  central  depression  occupied  by  the  pebble.  In 
oil,  the  same  effects  are  produced,  but  more  slowly ;  and  in  Venice 
tur[)entine  identical  changes  in  form  take  place  so  slowly  as  to  be 
easily  studied.  In  Professor  Bianconi*s  experiments  already  men- 
tione<l,  granite  pebbles  were  placed  upon  the  surface  of  ice  and 
subjected  to  pressure,  the  surrounding  temperature  being  from 
84°  to  47°  F.  A  deep  cavity  surrounded  by  a  raised  rim  was 
produced  in  from  six  to  ten  hours.  When  an  iron  plate  pierced 
by  a  square  aperture  took  the  place  of  the  pebble,  the  ice  rose 
through  the  aperture  in  a  square  column,  and  curved  over  until  rt 
touched  the  plate ;  the  surrounding  ice  having  risen  meanwhile  and 
extended  over  the  margin  of  the  plate.  A  bar  of  iron,  plane  below 
and  convex  above,  being  pressed  upon  the  surface,  the  ice  rose  as 
before  and  applied  itself  to  the  convex  upper  surface.  Defining 
the  viscous  state  as  that  in  which  the  molecules  are  mutually 

•»  Hem.  Boat.  Soc.  KcU.  Hist.,  vol.  I,  pt.  4,  No.  XII. 

'0  **  Microscopical  Petrography**  of  U.  8.  Geol.  and  Geog.  Sunr.,  4(Hh  rarallel,  voL 
VI,  p.  263. 

»» •*  Systerontic  Geology  "  of  eamo  SuiTcy,  Tol.  I,  p.  230. 
w  Ibid,,  p.  752. 
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attractive  but  subject  to  local  or  general  rearrangement  on  the 
application  of  stress,  it  would  seem  that  it  is  one  common  to 
solids  and  liquids,  and  possessed  in  a  remarkable  degree  by  ice. 

SEC.  II.— ICE-STREAMS   ARE  IN  TENSION. 
1.  Modus  operandi  of  ice-motion. 

Forces  producing  glacier-motion. — Glacier-motion  seems  to  be 
the  resultant  of  two  forces,  viz.:  (1)  heat,  and  (2)  gravitation. 
The  influence  of  gravitation  is  shown  in  the  motion  of  all  glaciers ; 
that  of  heat  is  well  shown  in  the  more  rapid  motion  of  the  Alpine 
glaciers  during  day  and  summer  than  during  night  and  winter. 
Time  is  an  important  factor,  but  may  be  disregarded  in  this  dis- 
cussion. 

Operation  of  gravitation, —  A  glacier  or  an  ice-field  may  be  as- 
sumed to  receive  heat  equally  in  all  its  portions,  and  at  a  sufficient 
rate  to  produce  viscosity.  The  mass  will  then  be  governed  by  the 
same  laws,  in  regard  to  motion,  as  water  or  oil.  If  within  a 
basin,  the  surface  will  slowly  assume  horizontality.  If  there  is 
an  outlet  from  the  basin,  the  ice  will  flow  through  in  a  stream 
whose  velocity  will  vary  as  the  resistance  offered  by  the  channel. 
The  velocity  at  the  perimeter  of  cross-section  will  be  less  than  that 
near  the  centre  of  the  surface ;  but  the  diflerence  in  velocity  will 
probably  be  less  than  in  rivers,  because  (1)  the  mutual  attraction 
afnong  the  ice-particles  is  greater  than  among  the  water-particles, 
and  because  (2)  there  is  less  entanglement  of  the  particles  at  the 
base  of  the  ice  with  those  of  the  bed  than  in  rivers  ;  for  melting  is 
constantly  taking  place  at  the  junction.  The  mean  velocity  will 
vary  with  the  slope  of  the  channel,  and  the  cross-section  will  be 
greatest  where  the  slope  is  least ;  and  if  the  channel  is  rugged  and 
tortuous,  the  motion  will  be  correspondingly  retarded.  The  mo- 
tion at  a  little  distance  from  the  outlet  will  not  be  affected  by  the 
pressure  within  the  basin ;  for  a  less  exertion  of  force  would  pile 
the  ice  in  hummocks  near  the  outlet  than  would  drive  it  through  a 
narrow,  tortuous  valley. 

Influence  of  heat, —  But  heat  is  not  received  equally  by  all  parts 
of  the  glacier.  That  part  next  the  debouchure  receives  heat  more 
rapidly  than  the  upper  reaches,  on  account  of  (1)  the  warm 
vapor-laden  winds  which  blow  across  that  portion,  and  (2)  the 
conservation  of  heat  by  the  athermous  atmosphere  of  the  valleys ; 
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for,  as  already  shown,  the  low  temperature  of  the  source  of  the 
glacier  is  chiefly  due  to  the  diathermancy  of  the  superfluitant  at- 
mosphere. Hence  if  the  channel  of  the  ice-stream  were  perfectly 
uniform,  and  the  mass  were  bisected  across  its  length,  the  lower 
portion  would  move  more  rapidl3''  than  the  upper,  and  the  chasm 
separating  them  would  continually  widen.  A  like  result  would 
follow  its  vertical  section  at  any  point.  No  part  of  the  mass 
could  be  subjected  to  greater  pressure  than  that  due  to  the  weight 
of  the  ice  ;  but  the  tension  might  at  any  time  increase  be3'ond  the 
tensile  strength.  If,  therefore,  glaciers  arc  not  pulle<l  in  two  in 
nature,  it  is  manifest  that  the  upper  portion  is  drawn  forward  by 
the  lower,  which  is  correspondingly  retarded. 

The  surface  of  a  glacier  receives  heat  more  rapidly  than  its  base, 
as  all  the  solar  and  stellar  heat  is  cut  off  and  absorbed  by  the  up- 
per portions — ice  being  an  imperfect  conductor.  The  lower  por- 
tion receives  only  the  proper  terrestrial  heat,  and  that  due  to 
pressure  and  friction.  Hence,  if  the  glacier  were  bisected  by  a 
plane  parallel  with  its  surface,  the  upper  half  would  move  more 
rapidly  than  the  lower;  and  if  the  plane  were  passed  above  or 
below  the  centre,  a  like  result  would  follow  (provided  the  locus  of 
greatest  velocity  is — as  is  probable — at  the  suiface).  The  basal 
portion  must  therefore  be  dragged  forward  by  the  upper  portions, 
which  are  thereby  retarded ;  but  fracture  cannot  result,  on  ac- 
count of  the  pressure  of  the  supcrincumlwnt  mass. 

The  centre  of  an  ice-stream  also  tends  to  move  more  rapidly 
than  the  sides,  on  account  of  the  resistance  offered  by  the  banks. 
The  central  portions  must  therefore  drag  forwaixl  the  lateral  por- 
tions ;  and  if  in  the  effort  to  accomplish  this  the  tensile  strength 
of  Ice  is  exceeded,  crevasses  must  result. 

These  postulates  are  indicated  by  laws  governing  the  motion  of 
viscous  bodies ;  and  in  so  far  as  they  accord  with  the  observed 
behavior  of  ice  they  confirm  the  viscous  theory  of  ice-motion. 
Only  two  or  three  coincidences  will  be  pointed  out.  Others  are 
too  well  known  to  require  comment, 

2.   Evidence  of  tension  in  glaciers. 

Crevasses, —  It  is  well  known  that  crevasses  are  common  in  gla- 
ciers, and  invariably  at  right  angles  to  the  line  of  greatest  tension. 
Their  frequency  and  width  are  greatest  in  steep  and  regular  por- 
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tioDS  of  the  channel ;  and  when  more  nearly  horizontal  stretches 
are  reached,  the  chasms  contract,  and  sometimes  close,  when  the 
ice  becomes  welded  into  a  solid  mass  again.  It  seems  to  be  un- 
usual for  crevasses  to  extend  entirely  across  ice-streams,  and  to 
increase  progressively  in  width,  as  they  should  according  to  theory 
if  the  channel  were  uniform  ;  but  inequalities  in  the  bed  and  the 
progressive  decrease  of  slope  characteristic  of  valleys  in  moun- 
tainous districts  probably  serve  to  counteract  all  tendency'  in  that 
direction. 

Emdence  furnished  by  the  Great  Aletsch  Glacier. — During  a  recent 
visit  to  the  Great  Aletsch  Glacier,  Professor  W.  H.  Niles,  of  Boston, 
found  that  this  glacier  does  not  extend  into  and  fill  up  all  the  de- 
pressions in  its  bed,  but  moves  forward  on  the  higher  portions. 
"The  ice  of  the  glacier,  however,  is  sufficiently  plastic  to  conform 
to  certain  kinds  of  irregularities  of  surface."  *' These  are  long, 
narrow  ridges,  the  trends  of  which  are  the  same  as  the  strike  of  the 
rock,  and  nearly  parallel  with  the  direction  of  the  motion  of  the 
glacier."  "The  ice  had  time  enough  to  conform  to  these  longi- 
tudinal *  *  ridges  as  it  flowed  over  them  lengthwise ;  and  in 
August,  1876,  as  it  passed  over  the  lee  end  of  the  ridge,  it  pre- 
served the  mould  of  the  profile  so  perfectly  that  for  more  than 
twenty  feet  the  blue  arch"  retained  the  corrugations  formed  by  the 
irregularities  of  the  ridge.''^^  Now  if  the  force  impelling  the  ice 
down-stream  were  not  greater  than  the  weight  of  the  mass,  the 
ice  would  be  pressed  into  all  depressions  of  the  bed,  and  the  im- 
press of  the  ridge  could  not  extend  beyond  its  lee  end.  Another 
obsen'ation  enables  us  to  measure  approximately  the  relation  be- 
tween the  two  forces. 

A  bowlder  was  seen  embedded  in  the  lower  surface  of  the  ice, 
and  having  with  it  a  slow  motion.  The  ice,  however,  moved  more 
rapidly  than  the  stone,  continuall}'  creeping  over  and  around  it. 
An  inverted  trough-like  furrow  was  thus  formed  in  the  lower  sur- 
face of  the  glacier.  This  furrow  was  three  feet  deep  at  the  bowl- 
der, and  extended  down-stream  from  it  for  thirty  feet.  The 
existence  of  such  a  furrow  proves  that  the  force  impelling  the  gla- 
cier forward  is  ten  times  as  powerful  as  that  pressing  the  ice  upon 
the  bowlder  from  above.  The  thickness  of  this  glacier  is  not 
mentioned  ;  but  it  may  be  taken  at  the  mean  of  several  Alpine 

*«  American  Journal  of  Science,  vol.  XVI ,  Xo v .  1878,  p.  3CC ;  also  Proc.  Boston  Soc.  Xat, 
Sit*.,  TOl.  XIX,  Mcb.  2<),  1878,  pp.  330^30. 
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glaciers,  or  850  feet.  Neither  is  the  temperature  of  the  ice  re- 
corded ;  but  it  is  unlikely,  situated  as  it  is  near  the  debouchure, 
that  it  is  below  the  mean  observed  by  Agassiz  200  feet  below  the 
surface  of  the  ice,  or  31.24°.  [If  the  assume<l  thickness  is  too 
great,  it  is  probably  counterbalanced  by  taking  the  temperature 
too  low.]  It  has  been  found  that  the  pressure  of  a  mile  of  ice  is 
sufficient  to  lower  the  melting  point  of  snow  or  ice  one  degi*ee  cen- 
tigrade. In  the  same  ratio,  a  pressure  of  8,500  feet  would  lower 
the  melting  point  nearly  1.25°  F.  Hence  if  the  force  impelling 
thci  ice  down-stream  were  pressure,  the  ice  would  melt  at  30.75**. 
In  reality  its  temperature  must  be  half  a  degree  above  that  point. 
Pressure,  then,  cannot  cause  the  forward  motion  of  the  Great 
Aletsch  Glacier.'''^ 

Other  cases  of  high  temperature  have  been  recorded,  too  high  to 
exist  even  if  the  ice  were  under  only  the  compression  due  to  the 
weight  of  the  superincumbent  ice.  All  such  afford  demonstrative 
evidence  that  the  ice  is  in  tension. 

SEC.  III.  -  APPLICATION  OF  VISCOUS  THEORY. 

Viewing  the  ice-field  described  in  Part  II  in  the  light  of  the 
theory  that  ice  is  a  viscous  body  when  it  has  absorbed  a  portion 
of  its  latent  heat,  and  that  its  viscosity  increases  with  the  acces- 
sion of  heatr  it  will  be  manifest  that  from  the  highest  point  of  the 
annular  belt  of  ice  toward  the  pole  the  temperature  would  be  too 
low  and  the  slope  too  gentle  to  produce  motion ;  while  from  the 
highest  point  to  the  peripheral  margin,  the  rate  of  motion  would 
progressively  increase.  The  profile  of  the  upper  surface  would 
therefore  assume  some  such  form  as  that  represented  in  figure  1 
(Part  I) ;  and  the  pressure  of  the  central  ice  would  exercise  no 
influence  whatever  on  the  motion  of  the  peripheral  ice. 

T*  Since  the  above  was  written  some  reason  to  suspect  that  the  data  employed  are  not 
very  rcliHble  has  appeared;  but  as  precise  values  could  not  be  obtained,  it  has  been 
deemed  advisable  to  allow  the  paragi-aph  to  remain,  partly  as  an  incentive  to  observa^ 
tioiid  of  the  character  indicated. 
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The  Kames  or  Eskers  of  Maine.      By  George  H.  Stoke,  of 
Kent's  Hill,  Maine. 

Classification  of  the  Kames. 

Kames  which  are  arranged  in  well  marked  lines  so  as  to  have 
evidentl}'  a  common  origin  are  classed  together  as  one  system  in 
the  accompanying  list,  and  the  83'stems  have  received  names  from 
one  or  more  localities  along  their  routes.  They  are  also  for  con 
venience  of  i*eference  numbered  in  order  beginning  at  the  east. 
The  longest  tributary  is  regarded  as  the  main  kame  and  is  marked 
with  the  system  number.  Evident  branches  are  marked  by  an- 
nexing one  of  the  first  letters  of  the  alphabet  to  the  system 
number ;  probable  branches  by  annexing  the  middle  letters  ;  and 
possible  branches  that  cannot  as  yet  be  proved  to  be  distinct 
systems,  by  annexing  the  last  letters.  Thus  the  fii*st  or  most 
eastern  branch  of  sj'stem  XI  is  marked  XI  a,  and  a  probable 
branch  of  that  is  marked  XI  a  m.  The  lengths  of  the  kames  as 
given  are  approximate.  Their  total  length  somewhat  exceeds 
2000  miles.  About  two-thirds  of  this  distance  has  been  explored 
by  the  writer;  the  rest  is  mapped  from  what  is  believed  to  be 
trustworthy  information.  No  instrumental  survey  of  so  great  a 
field  was  possible  and  the  method  adopted  has  been  by  recon- 
noissance  to  interpolate  the  courses  of  the  kames  on  the  ex- 
isting maps. 

Names  in  the  annexed    table    refer  to   towns  or  townships 
through  which  the  kames  pass,  not  to  villages. 

The  following  abbreviations  are  used  : 

V.  =  valley    str.     stream         ??    =     possibly. 

r.  =  river       1.  p.    low  pass      ?  and  ?  ?,  refer  to  the  name 

L   =  lake        ?        probably  preceding. 
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LIST  OF  THE  KAMES  OF  MAINE. 


No.  of 
Syetem. 


la 
II 

Ila 


lift 
lie 


Ud 


III 
Illm 


IV 
V 

\b 
Va 

VI 

VIx&y 

Vim 
VII 


Vllm 

Via 


villa 
Vlllm 

IX 


60 

2 
150. 

20 


8 


6 


5 
I 


17 
25 

8 
17 

47 

12 

6 
40 

130 


10 
17 

150 


Name  of  Kamb. 


Courses  of  the  Kames. 


St.  Croix  River SyBtem. 

Vancoboro  Branoh. 
Houlton  System. 


New    Limerick  —  Amity 
BrftDch. 

Orient  Brnneh. 
Hersey  — Tomah  Stream 
Branch. 


Little  Tomali  Stream  Gra- 
Tela. 

East  Machlas  System. 
Crawfoi*d  Kame. 


Musquash  Stream  System. 

Grand  Lake —  Old  Stream 
System. 

Farm  Cove  Branch. 

CliflTord  and  Chain  Lakes 

Branch. 

Baskaheimn    Lake — Ma* 
ohias  Kiver  System. 


Bancroft  and  Hot  Brook 
Karnes. 

Sprinfi^fleld — Junior  Lake 
Kames. 

Sisludobsis  Lake— Plea- 
sant River  System. 


Crosses  Chlpntneticook  1.  to  Vanceboro, 
along  St.  Croix  v.  to  Canoose  r.,  by  1.  p. 
to  Baring?  and  Pembroke. 

Extends  N.  W.  fiom  Vanceboro  to Chiput- 
ueticookl.  ?? 

No.  0,  R.  4,  Littleton,  Orient,  under  and 
through  Grandest.  Croix) Lake,  by  1.  p. 
down  ▼.  of  Tomah  str.,  Baileyville, 
Meddybemps,  DennysTille  ?,  Trescott. 

LinneuB,  Hodgdon ;  joins  II  near  the  S« 

line  of  Amity. 
Joins  II  in  Grand  Lake. 

Island  Falls,  Hajmesvllle,  Danforth,  by 
1.  n.  S.  £.  along  £.  A  N.  A.  Railway,  to 
join  II  near  Tomaii  Station. 

Bobbins,  Codyville;  only  in  part  of  kame 

origin. 
Near  road  iVom  E.  Machlas  to  Cooper. 
Near  crossing  of  £.  Muchias  r.  by  Air 

Line  road.    Extends  interruptedly  to 

£.  Machlas?? 
Along  T.  of  Musquash  str.flrom  Topsfleld 

to  Big  L. 

Grand  Lake  Stream  S.  to  little  River,  then 
S.  W.,  and  down  v.  of  Old  Stream. 

From  Farm  Cove  on  Grand  (Schoodlc) 
Lake  by  1.  p.  to  Little  River. 

N.  to  Big  Lake  making  Systems  IV  and  V 
one  ?? 

Kossuth,  Pleasant  Lake,  W.  shore  Grand 
Lake,  by  1.  p.  to  Machlas  lakes  and 
down  Maehias  r. 

May  Join  VI  near  the  N.  W.  angle  of 
Baskuhegan  Lake. 

Occasional  ridges  on  a  steep  down  slope. 

Only  partly  explored  in  a  difflcult  wil- 
derness. 


Gravels  are  reported  along  the  West  Branch  of  the  Maehias  River. 

Seboois'Springfleld—  De- 
blois  System.  From  Seboois  Lakes  S.  to  Seboois  bridge, 

then  E.  by  1.  p.  to  upper  Shin  Pond,  by 
1.  p.  to  Patten,  by  1.  p.  to  Sherman,  v. 
of  Molunkus,  Prentiss,  by  1.  p.  to  Nica- 
towas  str.  and  to  Cherryfield  Plains. 


Mattakeunk  Stream 
Branch. 

West   Branch   of    Union 
River  Gravels. 


Seboo  i  s-£n  field  ~  Debloi  s 
System. 


From  Mattawamkesg  r.  to  I^e,  by  1.  p.  to 
Join  VIII  near  No.  3  Pond. 

From  Aurora  where  this  kame  stream 
washed  away  IX  to  near  Nicatowas 
Lake. 

Valley  of  Seboois  str..  Medway.  by  1.  p.  to 
Cliebter,  crosses  Penobscot  at  S.  Lin- 
coln, Greenbush.  Greenfield,  S.  E.  by 
1.  p.  to  Aurora  and  to  the  great  Deblou 
or  Cherryfield  Plains. 
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No.  of 
System. 

Length 

in 
mileB. 

JXa 

20 

JXaa 
IXx 

8 
3 

IXm 
1X6 

6 
70 

IXbx 

2 

X 

20 

XI 

105 

Xla 


XJaa 
Xlam 

Xlab 


Xlb 

XII 

Xllm 

XIII 
XIV 

XlVa: 
XV 

XVI 

XVII 

XVIIa 

XVIII 

XVIIIx 


XVIIIw 
XiX 


XlXm 


6 
10 

26 


15 


30 


25 

20 

2 
43 

6 
32 
20 

50 


10 
35 


10 


Name  of  Kamk. 


Courses  of  thb  Kames. 


Staneyville— Medway 
Branch. 

Salmon  Stream  Branch. 
Mattaceuuk  iStreara  Kamc. 

Snm  Aver's  Stream  Kame. 
Katabuiu  Kame. 


Soper  Brook  Gravels. 

CliftoD  —Hancock  System. 

Moosehead  Lake— Penob- 
scot Bay  System. 


S.  Twin  Lake— Winterport 
Branch. 

Schoodic  Stream  Gravels. 
Jo  Mary  Kame. 

Charleston  —Hampden 
Branch. 


Exeter  Mills— Hermon 
Pond  Branch. 

Ronch     River— Pleasant 
River  System. 


KnUhdin 
Kame. 


Iron     Works 


Lilly  Bay— Sebec  System. 

Corinna— Dixmont    Sys- 
tem. 

Kame  In  Troy   and    the 
webtern  part  of  Dixmont. 
II  n  r  1 1  n  n  d  —  Searsmont 
System. 

Montville— Liberty   Sys- 
tem. 
China— Alna  System. 

Albion— Whitefleld 
Branch. 

Eaptem  Kennebec  Valley 
System. 

M  n  y  fl  e  1  d— Brighton 
Kumed. 

(Clinton  Kame 
L'lM'tM-    Konnebcc  Valley 
System. 

Anson  — Madison  Kame. 


Joins  IX  at  the  Penobscot  near  the  month 
or  Pattngumpus  str. 

Joins  IXa  not  far  north  of  the  Penobscot. 

V.  of  Maitaccunk  N.  from  Penobscot  r. 
M.ayjoin  VUlaorlX. 

A  few  miles  N.  of  Mnttamiscontia. 

From  Penobscot  r.  at  mouth  of  Katahdln 
str.,  N.  E.  and  E.  to  Millinockett  1.,  8. 
to  Shad  Pond,  by  1.  i».  down  v.  of 
Seboeis  str..  Howland,  JS.  £.  comer  of 
Argyle,  Greenfield. 

Probably  Knmes,  N.  of  Ripogenus  Lake, 
in  T.  4  R.  Vi. 

Cliaon.  Otis.  Mariaville?  Wnltham  ?  Han- 
cock? Has  u  short  branch  in  Clifton. 

Hogback  Island,  Moosehead  1.,  by  l.p.  in 
bhirley,  v.  of  Piscataquis  to  Sanger- 
ville,  V.  of  Black  Brook  to  1.  p. -s 
»'  Notch  •'  in  Garland,  E.  Connth,  W. 
Hampden,  Winterport,  Stockton, 

Medford,Lagrange,Omno.  Bangor,  Hamp- 
den.  Joins  XI  at  Ball  Hill  Cove. 

Partly  kames.    Join  Xla  in  Medford. 

V.  ol  Pratt  Brook,  W.  of  Middle  of  Jo 
Mary  1.  Direction  nearly  £. 

Kendnskeag,  Levnnt  village,  by  l.p.  to 
Hermon  Bog.  Joins  Xla  near  Hamp- 
den Upper  Corner. 

W.  Levant.  Carmol,  Joins  XI  near  Her- 
mon Pond  Station. 

Very  internipted.  Reaches  to  BrownviUe 
andMilo? 

N.  W.  fVom  the  Iron  Works  along  v.  of 

a  branch  of  Pleasant  r. 
Lilly  Bay  by  1.  p.  and  along  v.  of  Wilson 

Str.  to  Sebec  Lake  and  Milo  ?  ? 

Crosses  Newi>ort  Pond  at  £.  Newport, 
Plymouth,  N.  Dixmont. 


Not  fully  explored. 

Pittnfletd.  Unlty.ThorndIke,  Knox. by  l.p. 
to  Montville  and  N.  line  Searsmont. 

Ends  in  plains  near  True's  Pond. 
Along  China  I.,  S.  China.  Windsor  Vil- 
lage, Whitefleld,  Alna,  Georgetown  ?? 

Puddlcdock  in  Albion,  by  1.  p.  to  plains 
near  Week'd  Millti,  then' interrupted. 

Near  Kennebec  r.  from  Somerset  Mills 
to  Merryuiecting  Bay,  perhaps  farther. 

An  interrupted  series  in  Blanchard,  May- 

flcld  an<l  Brighton. 
Canaan,  Clinton.  JuiusXVIIIat  Wlnslow. 

Along  Kennebec  v.  from  near  the  Forks 
to  Enil)dcn.    Now  nioslly  re-classiflrd. 

From  near  ( 'arrabaM**ett  r.  in  W,  part  of 
Aubon,  S.  K.  into  Madison. 


BY   GEORGE   H.    STONE 


513 


No.  of 
feystcui. 


ill 
mile.*. 


Namk  of  Kame. 


Courses  op  the  Kamf::s 


XlXt 
XlXv 

XlXio 

XlXx 

XlXarj: 

XJXy 


XlXtfn 
XWyb 


XX 


XXa 


XXaa 
XXax 

XXx 


XXI 
XXII 

XXIII 


XXIIIr/ 
XXIV 


XXIVa: 

XXIVrt 
XXlVh 
XXI  Vm 


XXIVn 


XXV 


XXVI 


XXVIa 


1      Parliu  Pond  Kamc. 
2\    Kibby  Stream  Kame. 


Doad    River— Jerusalem 
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StrattoQ  Brook  Kamc. 

Kame  reported  near  the 
divide 

Xorridsrewock  —  Sidney 
riains  Kame. 

Short  Kame  In  Smith  field. 
Mercer— Belgrade  Branch. 

ChestervdIe  — Lisbon  Sys- 
tem. 

Winthrop  — Leeds  Junc- 
tion Branch. 

We«t  Winthrop  Karnes, 
bniall  Kame  near  Aluunt 

Vernon  village. 
Androscoggin  Kiver 

Karnes. 


Freeport  System. 
Canton— Auburn  System. 

Buckfiold— West    Minot 
System. 

Sumner- Bnrkfleld  Kame. 
An«lro8C0KKin    Lakes  — 
Portland  System. 


Kennebago  River  Kamea. 

Andover  Plains. 
Locke's  Mills  Branch. 
Samls  and  gravels,  partly 
Kames, 

Wo-^t  Cumberland  Kame 
Plains. 

Casco— Windham  System. 


Bethel  — Saco  River  Sys- 
tem. 


I 


1  :J      Lon  cr    Pond  —  Naples 
I     Brunch. 


The  stream  which  deposited  this  rldgB 

ina}'  have  flowed  N. 
W  oi  Kibby  ntr.,  a  lew  miles  N.  W.  of 

Grand  Falls  ot  tiie  Dead  r. 

Along  I.  p.  past  K.  bar^e  Mt.  Bigelow  to 
Kingfield.    May  connect  with  XX. 

Not  tar  IVoiii  Eu.'^iis  on  road  to  KiugflcM. 
May  also  connect  with  XX. 

between  Dead  r.  and  Arnold  r.,  a  tribu- 
tary of  the  Chaudiere. 

From  S.  part  of  Norrldgewock  through 
hiiiilhfleld  and  Belgrade  into  Sidney. 

Byl.p.  pHKt  R.  base  Hampshire  Hill  to 
Join  XIX|^  near  Belgrade  Graat  Pond. 

By  1.  p.  in  E.  Livermore.  Leeds,  Sabattus  ▼. 
Interrupted  S.  of  Leeds  Junction. 

Broken  series.   Extends  N.  through  Lake 

Maranocook  into  Re4idfleld  ? 
A  local  seriea  of  small  ndges. 


At  Ions:  intervals  from  Liv«rmore  to  near 

Lewidton,  then  quite  consecutive   to 

Durham. 
From  near  S.  E.  eorner  of  Durham  to 

Freeport  or  beyond. 
From  Canton  Point  and  perhaps  above, 

by  1.  p.  in  Livermore,  Turner,  Lake 

Auburn. 

By  1.  p.  along  line  of  R.  R.    Extendi  in- 
terruptedly toward  Canton. 
Along  V.  of  \V'.  Br.  of  20  Mile  r. 

Along  Lake  Welokennebacook,  by  l.p. 
and  V.  of  Black  Br.  and  v.  of  Ellis  r.  to 
Rumlord,  by  l.p.  to  Bryant's  Pond, 
Oxford,  Poland,  uy  1.  p.  to  Gray,  West- 
brook,  Scarboro 

About  12  miles  N.  of  J^ake  Mooaelocmn- 
guntic. 

Two  series  reaching;  N.W.  ft-om  Andover. 

Joins  X'ViV  at  BrynntN  Pond. 

throiijrn  Danville,  at  NfW  Gloucester, 
Powual  and  Yarmouth. 

May  be  a  delta  formal|k>n  thrown  off  by- 
XXIV  from  Gray. 

By  I.  p.  from  Thompson  Pond,  along  and- 
under  Rattlesnake  and  Panther  Ponds, 
Raymond,  to  N.  Windham,  then  as 
double  system  to  Gorham  and  Scar- 
boro. 

By  1.  p.  from  Bethel,  v.  of  Crooked  r.,  W. 
shore  Sebago  Luke,  then  as  two  series 
in  Standihli,  W.  Gorham  and  Buxton. 
Scarboro  and  Snoo  were  overrun  by 
XXIV,  XXV,  XXV  1  and  XXVIL 

Extends  under  Long  Pond  as  far  N.  as 
Bridgtou  Landing. 
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No.  of 
System. 

Length 

in 
miles. 

XXVII 

40 

XXVIII 

55 

XXVIIIa 

60 

XXVIII6 

24 

XXVIIIc 

10 

XXVIlId 

5 

XXIX 

28 

XXX 

7 

XXXI 

15? 

Name  of  Kame. 


Courses  of  Kambs. 


Fryebiirjf  — Saco   River 
System. 

Conway-Osslpee  —  Mon- 
8am  System. 

Great  Ossipee— Kennebunk 
PlaiDs. 


Great  Ossipee  —  Alfi«d 
I'laina. 


Great  Ossipee— West  New- 
field  Flams. 

Little   Ossipee    River 
Fluins. 

South  Acton  — Wells   Sys- 
tem. 


West  Lebanon  System. 

East  Rochester— Dover 
System. 


From  Fryeburg,  or  Conway?,  to  HoUis 
and  beyouti.    Found  near  the  Sauor. 

098ipe«»  Tiako.  Tialche's  Pond,  Shaplcigh, 
Sanford,  Wells. 

Partly  kames,  partly  valley  drift.  like  all 
the  plains  in  this  region.  Runs  E. 
alon^v.  of  Great  Ossipee  to  Comiah, 
S.  by  1.  p.  in  Limerick,  by  1.  p.  in  Water- 
boro.  Alfred  and  indeflniCely  down 
Kennebuuk  v. 


Great  Ossipee  r. 
sonsfleld,   N. 
Alired. 


by  I.  p.  in  central  Par* 
Shapleigh,    by   l.p.   (o 


From  Great  0««ipee  r.  S.  by  l.p.  near  W# 
line  of  Maine. 

From  N.  Shapleiffh  E.  to  Wat4«rboro.  In- 
tel sects  XXVI  11a  and  XXV11I6. 

By  I.  p.  in  Acton  and  Lebanon  through  N. 
Berwick.  Maryland  Uidge,  WellA,  mar 
belong  to  either  XXVfll  or  XXIX. 

From  North  East  Pond  S.  by  l.p.  to 
Berwick?' 

N.  of  E.  Rochester  lies  in  Maine,  S.  off 
there  in  N.  11.  A  branch  running  N. 
W.  inN.H.  ?? 


GENERAL    TOPOGRAPHT     OF     MAINE. 

The  State  is  disposed  in  two  grand  slopes. 

1.  Tlie  southern  slope. — The  average  breadth  of  this  slope  is 
about  140  miles,  its  average  fall  per  mile  south-southeasterly 
at  least  seven  feet.  It  is  drained  by  numerous  streams  whose 
general  courses  lie  somewhat  east  of  south,  yet  an  inspection  oi 
the  map  shows  that  they  zigzag  considerably  and  flow  east  or  west 
for  a  considerable  part  of  their  courses.  These  abrupt  deflections 
are  caused  by  numerous  ranges  of  hills  trending  eastward  or  north- 
eastward. The  presence  of  these  ranges  transverse  both  to  the 
direction  of  general  slope  and  of  glacial  flow  must  have  had  a 
great  influence  upon  both  the  movements  of  the  glacier  and  of  the 
escaping  waters  during  the  final  melting.  After  the  ice  had  so 
far  melted  as  to  be  not  more  than  400  or  500  feet  in  thickness, 
over  a  large  part  of  the  state,  further  flow  unless  toward  the  east 
or  we.it  would  be  impossible  on  account  of  these  high  ranges, 
which  would  then  rise  above  the  ice  surface. 
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2.  Tlie  St,  John  Slope, — This  comprises  the  northern  portion 
of  t!ie  state.  Its  average  breadth  is  about  ninety  miles  ,  its  slope 
two  or  three  feet  per  mile  toward  the  north  and  east.  Much  of  the 
region  is  quite  level,  and  even  its  highlands  would  not  be  very  con- 
spicuous but  for  the  great  monotonous  plain  around  them. 

KAME    DRIFT    COMPARED    WITH    GLACIAL     DRIFT. 

We  liavc  in  Maine  an  excellent  opportunity  for  a  comparison 
of  this  kind,  owing  to  the  presence  in  the  central  part  of  the 
state  of  a  great  area  of  slate  and  fossiliferons  rocks,  bordered  by 
cr^'stalline  areas.  Thus,  with  the  exception  of  one  short  outcrop 
of  granite,  the  course  of  System  IX  lies  wholly  within  a  region 
of  slates,  conglomerates  and  limestones  for  nearly  100  miles.  It 
then  crosses  the  granitic  range  of  mountains  extending  north- 
eastward from  Mt.  Desert.  For  seven  miles  after  entering  the 
granite  area  in  Aurora  the  kame  is  composed  almost  wholly  of 
shite,  although  the  country  on  both  sides  is  covered  by  granitic 
till  and  shows  multitudes  of  granite  bowlders  and  fragments.  The 
granite  then  begins  to  appear  in  the  kame  and,  a  few  miles  farther 
southeastward,  the  kamc-plains  are  almost  wholly  composed  of 
grnnite,  although  the  underlying  rock  is  there  a  micaceous  slate 
or  schist,  and  the  till  shows  that  kind  of  rock  freely.  These  and 
other  facts  of  similar  import  show  that  kame  materials  have  been 
transported  lengthwise  of  the  kames  and  in  general  farther  than 
morainal  material  originally  derived  from  the  same  locality.  In 
other  words,  kame  drift  is  glacial  drift  plus  a  variable  amount  of 
water  drift. 

THE    KAME     STREAMS. 

The  sand,  gravel  and  pebbles  of  the  kames  show  plainly  that 
they  have  been  classified  by  running  water  and  all  are  more  or 
less  rounded.  The  facts  already  cited  prove  that  the  currents 
which  classified  these  gravels  flowed  lengthwise  of  the  kames  and 
southward,  and  the  same  is  shown  by  the  prevailing  direction  of 
stratification,  by  the  fact  that  near  the  north  end  of  kames  the 
gravel  is  loss  rounded  and  water- worn  than  farther  south,  and  by 
the  position  of  the  plains  or  delta-like  enlargements  of  the  kame. 
In  four  cases,  liowever,  the  direction  of  the  currents  is  still  a  mat- 
ter of  doubt. 

All  the  longer  kame  systems  in  the  state  are  at  their  northern 
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extremities  from  500  to  1 600  feet  above  tide  water,  while  at  the 
south  they  end  in  the  sea  or  at  less  than  300  feet  elevation.  Tliis 
fully  accounts  for  the  slope  necessary  for  a  stream.  The  kame 
streams  resembled  ordinary  rivers  flowing  in  sub-aerial  channels 
in  many,  perhaps  in  all,  res|>ects.  Their  meanderings  and  zigzags, 
even  when  passing  over  a  very  level  region,  are  often  remarkable 
and  plainly  like  rivers.  The  map  shows  that  many  of  them  come 
together  like  the  tributaries  of  a  river,  and  these  branches  at  their 
northern  ends  may  be  many  miles  apart  and  be  separated  by  high 
hills  or  mountains.  The  plains  closely  resemble  deltas  ;  and  VIII  m, 
XXIV  n,  XXV,  and  the  many  reticulated  branches  of  XXVIII, 
show  divergent  delta  streams  on  a  large  scale.  Again  the  kames 
bear  the  same  relation  to  drainage  basins  as  ordinary  streams.  At 
their  northern  ends  all,  so  far  as  now  known,  originate  in  places 
favorable  for  collecting  a  considerable  body  of  water  from  the 
melting  glacier.  That  the  flow  of  water  was  swifter  in  some  parts 
of  the  streams  than  in  others  is  shown  by  the  nature  of  the  de- 
posits. Short  slopes  do  not  seem  to  have  much  affected  tlie  rate  of 
flow,  but  on  up  slopes  or  levels  of  several  miles'  length,  the  kames 
are  usually  large  and  of  fine  material,  while  on  long  down  slopes, 
or  near  the  height  of  the  higher  divides,  or  in  the  jaws  of  narrow 
passes,  they  may  wholly  disappear,  or  be  represented  by  the  larger 
pebbles  only.  Every  long  kame  system  in  the  state  shows  this 
alternation  of  finer  and  coarser  material,  varying  according  to  the 
slope.  The  map  shows  how  often  the  kames  disregard  the  lines 
of  natural  drainage.  From  this  it  may  be  inferred  that  these 
rivers  were  contained  within  ice  walls,  and  that  the  ice  surface 
was  far  from  coinciding  with  the  underlying  land  surface.  That 
these  rivers  for  the  most  part  flowed  in  superficial  channels  in  the 
ice,  the  writer  regards  as  a  fair  inference  from  the  facts  observed, 
but  the  limits  of  the  present  paper  make  it  impossible  to  give 
details.  Thus  far  I  have  found  but  few  signs  of  sub-glacial  streams 
far  back  from  the  coast.  Near  the  coast  there  are  evident  signs 
of  such  streams  and  some  kames  may  have  been  deposited  by 
them. 

THE     EXTERNAL     FORMS     OF     KAMES. 

1.  Tlie  single  ridge, — This  varies  in  breadth  and  height  in  diflfer- 
ent  parts  of  its  course  and  is  sometimes  100  or  more  feet  high. 
Gaps  are  comnion  in  the  ridge,  even  in  a  level  region. 
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2.  Reticulated  kame-plains. — Often  a  single  ridge  divides  into 
two  branches  which  soon  come  together  again  and  thus  enclose  a 
sink  or  fhnnel,  which  may,  if  it  be  low  enough,  contain  a  lakelet 
without  visible  outlet  or  inlet.  Or,  a  kame  may  expand  into  a 
series  of  ridges  connected  by  cross  ridges  and  enclosing  numerous 
funnels  or  lakelets.  These  plains  are  often  many  miles  in  length 
and  from  one  to  five  miles  in  breadth. 

3.  JSolid  or  continuous  kame-plains.  —  These  are  broad  and 
massive  plains,  or  ridges  usually  quite  level  on  the  top  and  showing 
few  or  no  funnels  or  signs  of  separate  ridges.  They  are  in  fact 
an  enlargement  of  the  kame  and  are  often  higher  or  lower  than 
the  narrow  ridge  which  may  be  found  both  north  and  south  of  them. 
Several  kame  systems  .in  the  Andix>scoggin-Kennebec  region 
break  up  into  a  series  consisting  of  these  brood,  solid  plains  or 
ridges,  separated  by  gaps  of  a  mile  or  somewhat  more.  Some  of 
these  solid  plains  are  140  or  more  feet  in  height.  They  may  be 
one  mile  in  breadth  and  several  miles  in  length.  If  long,  they 
are  usually  not  very  broad. 

THE  INTERNAL  STRUCTURE  OF  KAMES. 

Internally  kames  are  of  two  classes. 

1.  The  stratified  kame,  which  is  the  more  common  kind. 

2.  The  pell-mell  kame,  composed  of  the  finest  and  coarsest 
materials  indiscriminately  mixed.  Occasionally  a  kame  contains 
what  appears  to  be  upper  till,  as  if  a  mass  of  till  had  slid  down 
into  the  channel  of  the  stream  and  defied  classification  by  the  cur- 
rent. In  general  the  rounding  of  kame  material  is  very  conspic- 
nous.  In  some  cases  pebbles  from  two  to  four  feet  in  diameter 
have  been  made  almost  spherical.  The  rounding  of  kame  pebbles 
or  cobble  stones  is  not  like  that  of  our  ordinary  streams,  but 
resembles  that  of  the  pebbles  found  in  pot-holes  or  on  the  sea 
beach.  Some  of  the  stones  of  the  ground  moraine  are  rounded 
in  a  very  similar  manner.  In  order  to  account  for  this  extreme 
rounding  of  kame  pebbles  we  must  suppose  great  violence  and 
vertical  movement  of  the  waters  of  the  kame  river,  or  that  the 
movements  of  the  glacier  assisted  in  the  rounding  process,  or  per« 
haps  that  both  of  these  causes  were  combined.  A  kame  is  some- 
times found  to  be  stratified  in  some  paits  of  its  course  and  peil- 
mcll  in  others. 
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ACTION    OF    THE    SEA    UPON    THE    KAMES. 

During  the  Champlain  period  the  sea  probably  stood  in  the 
central  parts  of  Maine,  at  a  height  of  300  or  3.')0  feet  al>ove  the 
present  sea  level,  and  many  kanies  were  submerged"  during  that 
period.  The  sides  of  the  kame  that  has  not  been  nnder  the  sea 
usually  slope  at  the  angle  of  stability  of  loose  materials  in  air, 
while  marine  waves  and  currents  often  reduced  the  kamcs  to  the 
form  of  low  rounded  bars,  whose  sides  slope  at  the  angle  of  sta- 
bility of  such  materials  in  water.  The  fossil iferous  Champlain 
clays  have  hundreds  of  times  been  seen  overlying  the  kames  and 
I  have  taken  mya,  balanus,  and  other  marine  genera  from  the 
undisturbed  clay  found  in  a  depression  in  a  kame.  The  difference 
in  the  physiognomy-  and  structure  of  the  kame  which  has  been 
under  the  sea  and  that  which  has  not,  is  so  great  as  to  show  con- 
clusively that  the  kames  proper  cannot  have  been  a  marine  de- 
posit. 

DISTRIBUTION     OF    THE    KAMKS. 

A  line  joining  the  northern  extremities  of  the  longer  kames  is 
nearly  a  straight  line ;  it  trends  nearly  northeast  and  is  roughly 
parallel  with  the  coast.  North  and  west  of  this  line  there  are 
occasional  short  ridges  of  kame  origin,  but  no  long  systems  have 
3'et  been  discovered.  The  writer's  theor\'  as  to  the  cause  of  this 
is,  that  it  is  chiefly  a  matter  of  slope.  On  a  long  slope  north- 
ward or  northeastward,  the  action  of  the  melting  waters  of  the 
great  glacier  must  have  been  very  different  from  what  it  was  on  a 
southern  slope  of  seven  feet  per  mile.  For  the  full  development 
of  kames  a  medium  slope  is  necessary,  also  that  the  melting 
proceed  simultaneously  over  a  considerable  aica. 

TOPOGRAPHICAL    RELATIONS    OF    THE    KAMES. 

We  have  already  referred  to  the  numerous  ranges  of  hills  in 
Maine,  which  lay  athwart  the  course  of  the  glacier.  All  of  the 
longer  kame  systems  cross  one  or  more  of  these  high  transverse 
ranges,  but  never  except  by  low  passes,  that  is,  passes  not  more 
than  about  200  feet  above  the  country  lying  to  the  northward. 
Hills  lower  than  this  they  cross  freely,  and,  indeed,  are  found  in 
all  relations  to  them,  now  turning  aside  as  if  to  avoid  a  hill  not 
more  than  100  feet  high,  and  soon  crossing  such  a  hill  when  it 
might  avoid  it  by  as  short  a  course  or  even  shorter.    In  some  cases 
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where  a  kame  breaks  up  into  a  series  of  disconnected  ridges  or 
solid  plains,  like  that  which  passes  through  Portland,  the  gravels 
are  found  on  the  higher  land,  but  this  rule  is  not  followed  by  some 
other  similar  discontinuous  systems  (XVII,  XX).  While  follow- 
ing a  valley  the  kames  may  sometimes  be  found  along  the  axis 
of  the  valley,  but  more  commonly  approaching  the  bordering  hills, 
first  on  one  side  and  then  perhaps  on  the  other.  After  entering 
valleys  they  are  not  known  to  leave  them  when  the  bordering  hills 
are  more  than  about  200  feet  high,  and  they  do  not  ordinarily 
leave  a  broad  south-southeasterly  valley  even  when  bordered  by 
hills  much  lower  than  this.  Valleys  of  other  trends  they  very 
often  enter  and  leave  them  again  or  cross  them.  This  is  well  lU 
lustrated  by  the  courses  of  systems  VIII,  IX,  XI,  and  XXIV. 
For  instance,  IX  runs  lengthwise  of  the  valleys  of  seven  streams, 
and  crosses  five,  besides  entering  the  Penobscot  valley  twice,  fol- 
lowing it  for  a  few  miles,  and  then  again  leaving  it  for  higher 
ground.  The  reason  the  kames  run  lengthwise  of  so  many  valleys 
is  that  they  follow  up  a  stream  to  its  source,  cross  a  low  col  and 
then  follow  down  the  valley  of  a  stream  flowing  in  the  opposite 
direction.  In  general  the  courses  of  the  kames  are  straighter  than 
those  of  the  longer  rivers,  for  the  latter  are  deflected  by  the  east 
and  west  ranges  of  hills,  while  the  kame  rivers  might  take  a 
direct  course  through  some  low  pass,  and  thus  often  reenter  the 
valley  of  the  same  river  which  they  had  just  left.  Where  there 
are  several  passes  the  kame  does  not  always  take  the  lowest  or 
most  direct,  in  which  case  it  is  sometimes  found  that  by  so  doing 
the  kame,  some  miles  toward  the  south,  seo4ires  a  more  favorable 
pass  than  if  it  had  taken  the  other  route.  This  is  the  anticipatory 
choice  of  water  rather  than  the  blindness  of  the  moraine.  This  re- 
lationship between  the  kames  and  the  low  passes  is  of  inestimable 
service  to  the  explorer  when  in  a  hilly  or  mountainous  region. 
The  first  part  of  his  problem  is  to  determine  where  are  the  low 
passes.  He  may  thus  be  able  to  pre<lict  the  courses  of  the  kames 
for  many  miles  ahead,  and  will  know  where  it  will  be  profitable  to 
explore.  The  inference  of  the  writer  is  that  the  kames  were 
deposited  late  in  the  ice  period,  when  the  glacier  was  so  far  melted 
that  the  higher  hills  rose  above  the  ice  surface,  and  hence  the  only 
escape  for  the  waters  southward  was  by  the  low  passes. 
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Preservation  of  fossil  Insects  and  Plants  on  Mazon  Creek. 
By  J.  AV.  Pike,  of  Vineluiu],  N.  J. 

These  fossils  are  the  admiration  of  collectors,  and  have  a 
special  interest  for  students  of  natural  history  and  geology.  As 
delicate  copies  of  the  structure  of  ancient  plants,  insects,  crusta- 
ceans, etc.,  they  are  unsurpassed.  There  are  inscribed  on  these 
beautiful  *' figured  stones"  not  only  the  most  accurate  geological 
notices,  but  the  finest  hair  lines  from  the  leaves  of  ferns,  the 
wings  of  insects,  the  limbs  of  crustaceans,  the  scales  of  fishes  and 
reptiles. 

Mazon  Creek  is  a  branch  of  the  Illinois  river,  which  it  Joins  at 
Morris  the  county  seat  of  Grundy  county.  From  five  to  seven 
miles  above  its  mouth,  the  waters  of  the  Mazon  have  carved  their 
channel  through  prairie  soil,  drift,  and  sandstone,  into  the  blue 
shale  bed  in  which  the  fossils  are  found.  Below  the  shale  is  a  bed 
of  coal  which  has  been  opened,  in  places,  by  shafts  sunk  below  the 
level  of  the  stream. 

Suppose  we  are  on  the  ground,  desirous  of  interpreting  the 
geological  and  biological  history  recorded  in  these  deposits.  We 
must  resort  to  the  method  of  comparison,  upon  which  all  scientific 
interpretation  rests.  Beginning  with  the  bed  of  fossil  fuel  upon 
which  the  shale  rests,  we  compare  it  with  other  deposits  of  carbon, 
with  lignite,  peat,  and  the  accumulations  now  forming  in  great 
swamps.  By  the  method  of  comparison  the  facts  of  our  Mazon 
Creek  deposit  are  brought  into  relation  with  similar  facts,  as  uni- 
versal as  the  world,  and  scientific  insight  is  acquired.  In  the  under- 
clay  are  the  Stigmariae  with  their  delicate  rootlets.  We  compare 
them  with  cedar,  C3'press  and  other  roots  in  the  swamp  mud  under 
modern  peat  beds,  and  conclude  that  the  underclay  is  the  muddy 
soil  of  an  ancient  swamp.  By  a  similar  method  it  becomes  evident 
that  the  coal  is  a  mass  of  vegetable  matter  which  slowly  accumu- 
lated in  the  stagnant  waters  of  the  swamp,  and  was  subsequently 
pressed  into  a  solid  bed.  Comparison  restores  the  landscape  :  we 
see  the  half  submerged  shores  and  islands,  the  jungle  of  marsh 
plants,  the  debris  of  trunks,  branches,  vines  itnd  leaves,  settling 
under  the  dark  stagnant  water. 

The  first  layers  of  shale,  that  lie  above  the  coal,  mark  a  gradual 
increase  of  water  over  the  surface.  Compare  its  flattened  tree 
9h3ms  with  the  perishing   forests  now  being  entombed  in  mud. 
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where  the  Atlantic  coast  is  sinking.  As  the  water  deepens,  the 
fringing  swamp  advances  upon  higher  ground,  and  la3'ers  of  clay 
are  spread  over  the  deposits  of  peat  and  logs.  Tiie  Mazon  shale 
must  have  resulted  from  similar  conditions.  Compare  it  with  the 
blue  clay  now  accumulating,  where  the  rising  water  has  flooded 
valleys  and  swamps  transforming  them  into  shallow  bays  and 
lakes.  The  clay  brought  down  from  the  land  by  rivers  and  coast 
waves  may  be  yellow  or  red.  It  subsides  upon  the  bottom  with 
decomposing  organic  matters  which  reduce  peroxide  of  iron  to 
protoxide,  and  the  clay  deposit  becomes  blue.  This  shale,  then, 
is  the  product  and  record  of  a  subsidence  that  buried  the  older 
swamp,  with  its  dc])osit  of  carbon,  under  the  waters  of  a  lake.  It 
formed  as  a  soft  ooze  over  the  buried  peat,  and  in  it  the  remains 
of  crustaceans,  fishes  and  reptiles  that  inhabited  the  water,  were 
entombed. 

Compare  the  leaves  in  these  concretions,  or  lumps  of  hardened 
shale,  with  those  being  buried  in  the  sediment  of  modern  lakes.* 
As  they  float  from  tlie  marshy  shores  and  sluggish  streams  and 
become  water-soaked,  they  sink  flat  upon  the  fine  mud  below. 
After  successive  layers  have  been  sifted  on  them  by  the  water,  they 
are  found  conformable  with  the  strata  in  which  they  are  buried. 
80  it  is  with  the  leaves  in  these  nodules.  Among  a  thousand 
specimens  it  is  diflicult  to  find  one  twisted  out  of  conformity,  even 
at  the  point,  like  tliis  one.  On  the  other  hand,  the  extreme  softness 
of  the  shale  at  that  time  is  shown  by  the  size  of  these  baseleaflets^ 
which  were  thrust  diagonally  into  it  by  the  mere  weight  of  the 
blade  in  water.  Such  was  the  geological  page  upon  which  these 
biological  records  were  inscribed. 

Comparison  develops  the  inscription  into  a  restored  landscape. 
An  impenetrable  tangle  of  ferns,  rushes  and  other  lowland  plants 
skirts  the  rivers  and .  shores,  stretching  away  in  broad  savannas 
farther  than  the  eye  can  penetrate.  The  drooping  foliage  trails  in 
the  black  waters  of  swamp-lined  rivers.  Creeping  things  of 
strangely  generalized  form,  covered  with  scales,  bristling  with 
spines,  are  swarming  in  the  murky  air,  on  the  moist  ground,  u[x>n 
the  dense  foliage  and  in  the  stagnant  water.  There  are  roaches, 
locusts,  may-flies  and  termites  ;  spiders,  scorpions,  centipedes  and 
caterpillars  ;  creatiires  something  like  these,  and  like  crabs,  shrimps 
and  craw-fishes.  Thoy  float  along  with  the  fallen  leaves,  sink  down 
upon  the  soft  bottom  and  are  buried  in  the  growing  shale  bed. 
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which  thus  gains  in  thickness  till  at  length  it  is  buried  under  laj'crs 
of  sand  like  those  now  forming  over  peat  and  clay  along  our 
sinking  coasts. 

We  next  consider  the  incipient  metamorphism  by  which  a  por- 
tion of  the  clay  immediately  around  the  fossils,  has  been  trans- 
formed into  ironstone  nodules,  or  concretions.  The  iron  held  in 
solution  in  the  waters  that  permeated,  and  circulated  in,  the  pores 
of  the  clay  bed,  seems  to  have  been  attracted  and  solidified  by  the 
chemical  force  which  had  been  gathered  from  the  sunlight  and 
stored  up  in  the  organic  matter  of  the  fossils  themselves.  This 
force  may  be  compared  to  that  of  the  galvanic  battery,  by  which 
metals  are  deposited  from  solution.  Observe  that  the  nodules 
take  the  form  of  the  fossils  they  enclose.  A  leaf  has  the  general 
form  of  an  oval,  it  is  bent  to  one  side,  or  one  leaf  lies  across  the 
side  of  another  ;  and  the  resulting  nodule  is  oval,  curved,  or  has  a 
lump  on  one  side,  as  the  case  may  be.  It  would  be  instructive 
to  compare  them  with  siliceous  gcodes,  that  have  begun  their 
growth  upon  fossil  corals,  crinoids,  shells,  etc. 

The  nodules  as  they  lie  in  situ^  in  the  shale,  appear  as  though 
the  ferrous  carbonate  had  been  attracted  with  such  force  as  not 
only  to  fill  the  spaces  between  the  particles  of  clay,  but  to  crowd 
them  apart  and  thicken  the  layers.  Here  are  specimens  that  ex- 
hibit the  continuity  of  the  strata,  from  the  soft  outlying  shale 
through  the  hard  nodules,  which  thus  appear  like  swellings  in  the 
clay.  The  layers  are  concavo-convex,  not  only  in  the  nodule 
above  and  below  the  plane  of  the  leaf,  but  also  in  the  soft  shale 
above  and  below  the  nodule.  It  is  as  though  the  expansion  of  the 
nodule  had  crowded  and  bent  the  strata  into  arches  upward  and 
downward. 

But  it  is  not  probable  that  the  leaf  retained  its  chemical  force 
till  the  clay  was  condensed  to  shale  by  pressure,  nor  that  the  strata 
in  the  nodule  were  expanded  and  thickened  again  after  such  con- 
densation. No  doubt  the  iron  was  attracted  soon  after  the  leaf 
was  buried,  when  the  shale  was  as  3'et  soft  ooze.  The  layers  were 
then  much  thicker,  even  in  the  nodule,  than  now ;  and  as  the 
weight  of  overlying  deposits  increased,  the  soft  outlying  shale  be- 
ing compressed  more  than  that  in  the  denser  nodule,  the  layers 
above  and  below  it  were  bent  into  arches  as  we  find  them. 

If  we  compare  these  biological  records  with  the  primitive  in- 
scriptions of  man,  both  are  written  in  the  picture  language  of 
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nature,  but  these  are  incomparably  more  minute  and  accurate. 
The  human  records  are  found  exix>sed  on  the  crumbling  surface  of 
monuments  ;  but  these  were  sealed  up  in  lumps  of  stone  nearly  as 
hard  as  flint  and  buried  in  beds  of  clay  beyond  the  reach  of  wear 
and  decay.  The  tablets  of  cuneiform  from  the  fatherland  of 
Abraham  were  done  in  soft  clay  and  afterwards  hardened  by  baking ; 
these  were  Inscribed  on  softer  clay  which  has  since  been  hardened, 
automatically,  by  the  writing  itself,  or,  more  properly,  by  the 
types  which  printed  the  writing.  Like  the  casts  of  the  founder 
who  surrounds  his  models  with  moist  sand,  these,  too,  are  casts, 
but  they  are  casts  of  such  delicate  things  as  fern  leaves  and  insect 
wings,  moulded  in  fine  clay  by  the  gentle  touch  of  water  and  after- 
wards chemically  hardened  by  an  iron  cement. 

But,  the  age  of  the  most  ancient  human  writings  is  as  a  thing 
of  yesterday — utterly  insignificant  when  compared  with  the  im- 
measurable antiquity  of  these  inscriptions  ft"om  Mazon  Creek. 
They  were  formed  in  the  incalculably  remote  Carboniferous  Period, 
and  while  the  vast  Permian,  Triassic,  Jurassic,  Cretaceous  and 
Tertiary  beds,  which  contain  the  record  of  nearly  all  animals 
above  the  grade  of  fish-like  reptiles  known  to  geologists,  were 
being  deposited,  these  engraved  stones  were  sealed  up  in  the  shale 
beyond  the  reach  of  change  or  decay.  The  granite  of  the  Hima- 
layas, Sierras,  Andes,  and  all  the  loH^iest  mountain  chains,  was, 
for  the  most  part,  formed  out  of  the  sediment  of  dried  up  seas 
after  these  fragile  ferns  and  insects  were  embedded  in  the  clay.  In 
Post  Tertiary  time  the  overlying  rocks  were  planed  down  by  mov- 
ing ice,  and  clay,  gravel  and  bowlders  strewn  over  the  surface. 
Then  came  an  age  of  shallow  lakes  followed  by  swamps,  forming 
the  black  prairie  soil. 

Finally,  the  waters  of  the  Mazon  dug  their  channel  down  into 
the  shale,  and  the  softer  clay  being  washed  away,  these  nodules 
were  left  in  placers  in  the  bed  of  the  stream,  mingled  with  granitic 
gravel  derived  from  glacial  drift. 

Being  thus  exposed  to  the  combined  action  of  air  and  moisture, 
the  ferrous  carbonate  is  changed  to  the  ferric  oxide  of  iron,  and 
the  nodules  turn  red  like  boiled  lobsters.  During  this  process 
they  often  divide  spontaneously,  exposing  the  fossils  within,  and 
thus  they  were  found  by  the  German  *  naturalist  who  made  the  first 
collection.     But  this  change  of  iron  from  the  bhio  to  the  red  state 

I  Mr.  Joseph  Even,  ol  rem*  Illinoii. 
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is  often  attended  with  solution,  resolidification,  and  final  complete 
separation  of  the  iron  from  the  clay.  The  iron  forms  as  a  red 
brown  shell,  and  the  half  of  a  nodule,  with  a  fern  on  the  side, 
becomes  a  geode,  enclosing  the  clay  in  an  ochre-like  form  in  its 
interior. 

These  beautiful  specimens  being  mostly  exhausted  from  the 
gravel  beds,  the  collector  must  anticipate  the  denuding  forces  and 
dig  the  concretions  out  of  the  shale  of  the  river  banks  and  bottom, 
and  crack  them  for  himself.  Specimens  got  in  this  way  show  the 
finest  details  of  structure,  and  promise  to  increase  our  knowledge 
of  the  biology  of  the  lowlands  of  Carboniferous  time. 


The  Fossil  Dikocerata  in  the  E.  M.  Museum  at  Priwcbton, 
New  Jersey.     By  Franklin  C.  Hill,^  of  Princeton,  N.J. 

[abstract.] 

The  collection  of  the  bones  of  the  Dinocerata,  at  Princeton, 
is  not  large,  but  choice,  and  I  hope  to  be  able  from  it  and  the  aid 
of  m}'  blackboard,  to  give  a  tolerably  correct  idea  of  the  family 
structure. 

Our  chief  pieces  are  two  skulls,  so  nearly  perfect  that  our  frag- 
ments of  others  enable  us  to  restore  them  entirely. 

One  of  these  has  been  already  described  and  figured  in  a  Bulle- 
tin from  the  Museum,  under  the  name  of  Ulntatherium  Leidianum. 

The  other,  a  more  recent  acquisition,  is  even  more  perfect,  tlie 
left  side  showing  everything  from  the  snout  to  the  occipital  con- 
dyles.    We  consider  it  as  a  Loxolophodon. 

Beginning  at  the  snout  we  notice  that  a  slight  twisting  of  the 
specimen  throws  the  right  '*  horn-core,"  so  called,  a  little  above 
and  in  advance  of  the  left  one,  so  timt  both  are  seen  in  a  side 
elevation,  which  is  not  the  case  with  the  other  pairs. 

These  animals  have  been  called  ''Proboscidians"  and  have  been 
supposed  to  have  have  had  trunks,  like  Tapirs,  if  not  like  Ele- 
phants.    But  the  nasal  bones,  as  has  been  pointed  out  by  others, 

^  Curator  of  the  Museum. 
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make  hntf  the  length  of  the  eknll.  In  the  Eleph&nta  they  are  very 
fiUort,  and  the  width  of  the  skuti  U  greater  than  the  length  fVom 
occiput  to  insertion  of  proboscis.  But  here  we  have  a  length  of 
thirty-eight  inches  and  a  width  of  only  ten  inches.  Granted  a 
proboscis — for  which  there  ie  no  "insertion"  visible, — what 
power  could  it  exert  at  tlie  end  of  such  a  lever? 

Again,  in  the  proboscidians  the  premaxillaries  are  very  large 
and  carry  the  heavy  incisors,  while  here  we  find  them  very  smalt, 
and  obviously  fitted  to  carry  a  pad  for  the  lower  incisors  to  play 
against,  as  in  the  ruminants. 

This  skull  measures  nearly  thirty-nine  inches  in  extreme  length, 
but  among  our  fragments  of  other  individuals  we  have  a  "  bom- 
core"  which  Indicates  a  skull  sixty  inches  in  lenf^h. 


LOXOLOPHOOON.       S& 


The  npper  canines  of  this  specimen  were  In  place  when  it  was 
found,  but  were  too  fragile  for  preservation,  excepting  the  spear* 
shai>ed  points.  They  were  curved  much  in  tlie  manner  of  the 
Machairodus  canines,  but  unlike  them  they  bad  &  double-bayonet 
section  and  no  cutting  edge. 

Of  the  lower  jaw  we  have  two  nearly  perfect  specimens,  and 
fragments  of  others,  so  that  we  have  the  entire  dentition, — three 
curiously  bilobate  incisors,  a  long  diastemma,  and  six  diagonally 
ridged  molars  which  fully  Justify  Mr.  Cope's  name  "  Lo.iolophodon." 
From  these  specimens  and  Mr.  Marsh's  plates  we  are  able  to  restore 
the  lower  jaw  with  confidence. 
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This  dentition  seems  to  indicate  a  diet  of  soft  roots  and  stems, 
rather  than  of  grass,  in  the  collection  of  which  food  the  upper 
canines  doubtless  played  an  important  part,  though  it  is  not  easy 
to  see  just  what  it  was.  But  the  peculiar  position  of  the  condyles, 
they  being  but  little  above  the  line  of  the  molar  teeth,  and  pre- 
senting directly  backwards,  allowed  the  jaw  to  fall  low  enough  to 
clear  the  points  of  the  canines  and  thus  bring  those  teeth  into  ac- 
tion, as  has  already  been  pointed  out  by  others. 

The  descending  flap  of  the  lower  jaw  seems  to  be  for  a  guard  ' 
for  them,  indicating  that  they  were  not  weapons  of  oflTence  and 
defence. 

Of  the  cervix  we  have  the  first  five  bones,  and  they  show  that 
the  neck  must  have  been  at  least  seventeen  inches  long,  quite  long 
enough,  with  the  long  head,  to  reach  the  ground. 

The  spines  of  these  vertebne  are  small  and  weak,  but  the  size 
and  weight  of  the  head  convince  me  that  the  first  dorsals  must 
have  had  large,  strong  spines.  Our  dorsal  vertebrae  are  from  the 
middle  of  the  column.  There  were  probably  about  twenty  dorsals 
and  three  lumbars. 

The  pelvis  and  caudal  vertebrjB  which  we  have  belong  to  Utn- 
tatherinm  Leidianum^  and,  though  not  entire,  are  sufficiently  so  to 
show  that  they  were  similar  to  those  of  Mastodon,  excepting  that 
the  caudals  show  a  much  broader  and  flatter  tail  than  that  animal 
carried. 

Our  ribs  are  mostly  fragmentary  but  are  mastodontoid  in  char- 
acter. Their  number,  of  course,  is  as  indefinite  as  that  of  the 
vertebrae,  and  we  must  borrow  the  shape  of  the  first  pair  from 
Mastodon. 

Our  scapula  is  not  in  good  enough  condition  to  show  the  very 
peculiar  form  of  this  bone.  Mr.  Cope  kindly  gave  me  a  proof 
sheet  of  his  plate  of  a  perfect  specimen,  which  I  use  in  m}"  sketch, 
leaving  the  description  to  him. 

The  humerus  has  been  so  well  and  fully  described  by  Dr.  Leidy, 
that  I  shall  content  myself  with  drawing  it  and  quoting  his  remark 
that  ''it  is  unique,"  as  in  fact  is  also  the  ulna,  which  with  a  large 
olecranon  has  a  columnar  shaft,  expanding  very  slightly  at  the  distal 
end,  in  which  it  diflfers  widely  from  the  elephants.  The  radius  is 
straight,  and  stands  almost  perpendicularly  before  the  ulna,  taking 
much  of  the  weight  of  the  humerus  on  its  broad  head,  somewhat 
after  the  manner  of  Hippopotamus. 
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The  hind  leg  is  much  like  that  of  Mastodon,  both  in  femur  and 
tibia,  though  the  fibula  is  placed  rather  more  on  the  outside  of  the 
tibia,  to  which  it  joins  by  a  small  round  articular  facet. 

We  have  many  foot  bones,  with  which,  and  Mr.  Marsh's  plates, 
I  can  restore  his  elephantine  feet. 

To  clothe  this  skeleton  with  flesh  requires,  of  course,  some  im- 
agination. As  for  the  so-called  "  horn-cores,"  I  see  no  reason  to 
suppose  that  they  ever  carried  horns,  and  the  convenient  term 
*'Dinocerata"  is  probably  a  misnomer ;  neither  they  nor  the  upper 
surface  of  the  skull  show  any  large  channels  for  blood  vessels, 
or  foramina  for  nerves,  and  hence  it  is  probable  that  they  had  a 
covering  of  thick  skin  only. 

The  enormous  basin  between  the  last  pair  and  the  occipital 
crest  is  also  a  problem.  I  cannot  conceive  of  it  as  empty,  I 
cannot  imagine  a  filling  for  it. 

Rejecting  the  proboscis  I  can  only  suggest  a  pair  of  large  flexi- 
ble lips,  and  it  is  probable  that  the  throat  was  much  like  that  of 
Rhinoceros. 

Certain  rugosities  on  the  temporal  bone  suggest  to  Mr.  Cope 
that  the  ear  was  large  and  elephantine. 

The  legs  were  undoubtedly  large,  and  the  tail  broad  and  flat. 


Transformations  of  Planorbis  at  Steinheim,  with  remarks 
ON  the  effects  of  gravity  upon  the  forms  of  shells  and 
ANIMALS.    By  Alpheus  Hyatt,  of  Boston,  Mass. 

[ABSTRACT.] 

The  limits  of  this  abstract  do  not  permit  me  to  give  an  analysis 
of  the  work  done  by  the  author  at  Steinheim,^  or  yet  of  Hilgen- 
dorfs  remarkable  essay  which  led  to  these  investigations.'  We 
both  agree  on  the  theoretical  presentation  of  the  results,  that  is, 

1  steinheim  Is  a  village  on  the  eastern  declivitj  of  the  mountains  In  the  eastern 
part  of  Wurtemburg  in  southern  Germnnj,  and  has  been  noted  for  many  years  for  the 
peculiar  series  of  fossil  shells  which  occur  in  great  numbers  in  the  strata  of  sand  and 
limestone  m  the  pits  close  to  the  village.  For  fiirther  information  see  Genesis  of 
Planorbis  at  Steinheim,  by  the  author.  Anniversary  Memoirs  of  Boston  Society  of 
Natural  History,  1880. 

sUeber  Planorbis  multiformis  in  Steinheimer  SttiBwasaerkalk,  Mooataberichte, 
K.  P.  Akademie,  Berlin,  July,  18&5,  p.  474, 1  plat«. 
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in  the  opinion,  that  in  this  small  lake  in  Tertiary  times  a  large 
nnraber  of  distinct  forms  of  very  different  aspects  were  evolved 
from  an  older  Tertiary  species,  the  Planorbis  levis, 

Onr  disagreements  though  numerous  and  interesting  involve 
minor  points,  except  in  one  important  particular. 

Ililgendorf,  wiiose  pamphlet  on  these  shells  is  said  by  some 
Germans  to  be  the  only  perfect  demonstration  of  the  doctrine  of 
evolution  of  organisms  ever  printed,  found  all  the  conditions  of 
the  problem  in  order. 

He  collected  the  parent  forms  in  the  lowest  formation,  and  all 
the  distinct  descendant  forms  of  the  series  in  the  successive 
formations  lying  one  above  another  in  their  proper  genetic  order 
an<l  sequence.  Thus,  not  only  did  he  trace  several  series  of 
species,  one  into  another,  through  the  formations  beginning  with 
the  lowest  and  earliest  deposited,  but  was  able  to  state  that  their 
I'clalions  in  time  or  succession  precisely  accorded  with  their  ap- 
parent genetic  relations. 

The  evidence,  as  he  first  published  it,  and  which  he  still  asserts, 
after  renewed  investigations,  to  be  true,  is  more  perfect  than  that 
of  any  genealogical  tree. 

It  would  be  similar  to  the  genealogy  of  a  family,  if  we  could 
trace  the  members  back  into  geologic  times,  and  show  not  only 
that  the  existing  descendants  were  derived  from  a  common  stock, 
but  that  these  were  vastly  different  from  each  other  now,  and  from 
their  ancestors. 

My  own  observations  refuse  to  be  reconciled  with  his  so  far  as 
the  perfection  of  details  is  concerned,  and  in  my  opinion,  though 
the  evidence  is  exceptionally  perfect,  there  are  in  this  place,  as  in 
others,  the  usual  gaps  resulting  from  the  imperfections  and  the 
necessarily  fragmentary  nature  of  geological  history.  While, 
thereforo,  I  cannot  join  him  in  believing  in  the  perfection  of  the 
record,  my  results  after  all  are  not  theoretically  contradictory, 
and  I  can  only  account  for  the  appearances  by  the  same  theory 
of  the  descent  of  numerous  speciQcally  distinct  forms  from  one 
Hpecies.3  The  results  are  roughly  exhibited  on  Plate  T,  and  may 
be  <lescribed  briefly  as  follows.  Figs.  1,  8,  12  and  IG,  are  the 
ancestors,  varieties  of  Planorbis  levis  from  the  older  Tertiaries 
of  another  locality,  identified,  named,  and  kindl}'  sent  to  me  with 

•  For  a  fuller  account  6ce  Memoir  aboTC  quoted. 
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eleven  other  si>eciraens  of  this  species  by  Prof.  G.  Sandbergcr,^ 
who  opposes  the  evohitionary  concUisions  of  both  Hilgendorf 
and  myself. 

From  these  four  varieties  spring  four  distinct  lines  of  descent. 
Fig.  1  begins  the  series  from  2-7  in  which  of  course  numbers  of 
the  connecting  forms  are  not  figured.  Fig.  8  begins  the  scries 
from  9-11  much  shorter  and  containing  fewer  forms  than  in  series 
2-7.  Fig.  12  also  gives  rise  to  a  shoit  series  with  only  few  forms. 
Fig.  IG,  however,  is  the  starting-point  for  a  compound  series,  or 
one  comi)08ed  of  at  least  three  sub-series,  19-20,  21-24,  and  25-28. 

The  intermediate  forms  by  which  the  gap  between  the  four 
ancestors  and  the  four  first  forms  of  each  series,  viz. :  2  and  9  and 
17,  which  occur  in  the  Steinheim  basin,  is  very  complete,  but  nec- 
essarily left  out  in  this  plate. 

Numbering  the  series  from  left  to  right  we  see  that  Series  I  has 
thi"ee  sub-series.  Two  of  these  show  a  tendency  to  uncoil,  to 
become  distorted  and  smaller  than  the  ancestor,  fig.  16,  while  the 
third  decreases  in  size,  but  has  a  form,  fig.  20,  which  is  turreted 
like  figs.  1 1  and  6. 

Series  II  maintains  size  about  the  same  throughout,  but  becomes 
flatter  than  the  originating  form  fig.  12.  Series  III  grows  sensi- 
bly larger,  and  10-11  are  turreted  shells  with  a  more  ridged  and 
sub-angular  form  of  whorl  than  the  primal  form  of  fig.  8. 

Series  IV  exhibits  not  only  greater  increase  in  size,  but  vastly 
greater  differences  in  form  and  in  other  characteristics  of  the  shell 
from  fig.  1,  wiA  which  it  started. 

We  can,  therefore,  without  fear  of  error  call  series  IV  a  highly 
progressive  series ;  Scries  II  a  persistent  series ;  sub-series  3  of 
Series  I  a  partly  retrogressive  series ;  sub-series  2  of  Series  I,  a 
purely  retrogressive,  and  sub-series  1  of  Series  I  also  partly 
retrogressive ;  since,  though  it  decreases  in  size  and  becomes 
deformed  and  uncoiled,  it  also  has  a  tendency  to  produce  a  new 
characteristic,  the  transverse  ribs,  and  also  increases  in  size  its 
more  closely  coiled  forms,  as  in  fig.  26. 

There  is  also  other  testimony  going  to  show  that  this  classifi- 
cation is  correct.  Semper's  researches  on  Lymnceus  stagncUis 
show,  that  under  the  most  favorable  physical  conditions,  this  spe- 
cies increases  to  a  maximum  of  size  and  has  larger  whorls,  while 

♦  The  author  of  the  most  complete  Memoir  on  Tertiary  bbclls  in  existence,  Con- 
chy lien  il.  Vorwclt. 

A.  A.  A.  8.,  VOL.  XXIX.  84 
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under  less  favorable  conditions  with  relation  to  food  and  tempera^ 
ture,  the  size  is  very  much  decreased. 

Tlic  immediate  results  of  weakness,  produced  by  wounds,  are 
also  important  in  this  connection. 

PI.  2,  figs.  21,  2 la  and  22,  a  diseased  PL  oxystomus^  var.  revef^ 
tens  IIiLG.,  is  a  diseased  specimen  of  tlie  same  species  as  fig.  9, 
PI.  1.  Compare  this  diseased,  partly  uncoiled,  shell  with  Iho 
species,  fig.  23,  PI.  1,  PL  denudatus  and  miniUus, 

The  weakness  consequent  ujwn  old  age  is  equally  significant 
and  has  a  similar  meaning. 

PI.  2,  fig,  22,  represents  the  effect  of  old  ago  in  distorting  the 
growth  of  the  outer  whorl  of  PL  oxystomus.  Compare  with  fig. 
22,  PI.  1.  These  are  true  cases  of  disease  of  comparatively  rare 
occurrence  in  PL  oxystomus.  I  have  in  my  collection  many  simi- 
lar cases  and  have  lately  found  some  diseased  shells  of  PI,  trocJii- 
formis,  fig.  7,  PI.  1.  These  are  dwarfed,  and  show  a  tendency 
to  unwind  the  spiral,  so  that  ihe}^  look  remotely  like  the  begin- 
ning of  a  series  of  transition  forms  from  PL  (rochfformis  to  PL 
denudatus^  fig.  24,  PI.  1. 

This  statement  is  proved  in  my  Memoir  b}'  numerous  in- 
stances, and  also  by  the  Magnou  Planoibis  figured  by  M.  Piret. 
Many  of  these  acknowledged  to  be  distorted  arc  precisely  similar 
to  fig.  24.  These  distortions  are  produced  at  Magnon,  France^ 
undoubtedly,  as  in  these  other  instances,  by  the  unfavorable  ph^-s- 
ieal  surroundings.  I  have  also  found  near  St.  Johns,  New  Bruus^ 
wick,  in  company  with  a  complete  series  of  uncoiling  Valvata, 
like  those  of  Planorbis  on  PI.  1,  Series  I,  sub-series  2,  a  number 
of  distorted  Planorbis,  the  counterparts  of  manj*  of  M.  Piret*s 
figures. 

Thus  we  can  assume  without  fear  of  error,  that  the  increase  in 
size  and  the  progression  of  Scries  IV  wore  due  to  the  favorable 
conditions  of  the  Stcinhcim  basin,  for  that  scries  ;  and  that  of 
Series  I  to  the  unfavorable  conditions,  and  the  mingling  of  char- 
acteristics or  of  progression  and  retrogression  in  sub-series  3  of 
Series  1 ;  and  Series  II  and  III  to  the  diflcrent  extent  which  these 
series  are  affected,  either  favorably  or  unfavorably  by  the  same 
surroundings. 

The  effect  of  heredity  is  seen  in  the  fact,  that  however  groat 
the  modifications,  as  in  fig.  7,  the  young  are  smooth  and  like  fig, 
6,  though  smaller  of  course,  while  the  young  of  fig.  G  is  similar 
to  a  small  copy  of  5,  and  the  3'oungof  fig.  5,  lo  a  miniature  fig.  4. 
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'  The  young  of  fig.  4,  however,  may  be  said  to  be  like  fig.  2, 
first,  and  tlien  like  fig.  3  before  it  becomes  angular  as  in  ^g,  4. 
There  is  also  a  very  early  stage  in  all  these  shells,^  which  is  a 
mere  bag  and  is  called  the  ovi-shell  or  embryonal  shell.®  The 
first  turn,  which  the  young  makes  in  growing  around  this  embry- 
onal shell,  has  a  cylindrical  mouth  whorl  like  miniature  ^g,  8, 
PI.  1. 

This  stage  is  very  prolonged  in  fig.  3,  much  shortened  in  fig.  4, 
and  still  more  restricted  to  the  internal  whorls  in  fig.  5,  though 
in  some  specimens  very  much  more  prolonged  than  in  others. 
In  figs.  6-7  it  remains  about  stationary,  the  size  and  aspect  of 
the  young  being  similar  to  fig.  8  or  9  or  2,  during  the  earlier 
stages,  until  the  shell  is  between  one-hundredth  and  four-hundredths 
of  an  inch  in  diameter. 

This  is  heredity  with  acceleration,  or  the  inheritance  of  the 
characteristics  of  the  original  species,  fig.  8,  at  earlier  and  earlier 
stages  in  successive  species. 

It  is  the  same  history  with  the  characteristics  which  first  appear 
in  the  adults  of  the  series.  The  angular  form  of  the  outer  whorl 
of  fig.  4  is  often  in  PL  tenuis  (fig.  4),  confined  to  the  outer  whorl 
or  whorls  built  during  the  adult  period  of  growth.  This  becomes 
confined  to  the  younger  stages  or  inner  whorls  after  a  certain 
number  of  intervening  intermediate  generations  in  fig.  5,  and  are 
also  left  out  in  man}'  specimens  of  figs.  6  and  7,  in  whose  young 
they  are  replaced  by  the  stouter  form  and  heavier  ribs  and  ndges 
of  fig.  5. 

The  same  is  true  of  transverse  ridges  of  fig.  25. 

These  with  few  exceptions  first  appear  upon  portions  of  the 
outer  whorl. 

Then  in  successive  generations  they  appear  at  earlier  stages, 
that  is  upon  the  internal  whorls,  and  grow  larger  in  the  adults. 

The  uncoiling  tends  to  appear  in  the  same  way  firat,  upon  the 
outer  whorls,  and  it  must  be  noticed,  that  in  no  case  is  the  inner- 
most of  all  the  whorls  uncoiled,  or  the  bag-like  form  of  the 
embryo  changed. 

Such  facts  show  that  heredity  has  the  power,  even  in  spite  of 
the  forces  which  changed  the  adults  of  the  Series  IV  so  completely 
in  this  locality,  to  reproduce  or  continually  rejuvenate  the  ances- 

»The  centre/'  flg.  21a,  and  fig.  8a,  PI.  2. 

*  For  enlarged  figure  of  this  early  stage  see  PI.  1,  figs.  80-80, 
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tral  type  of  smooth,  closely  coiled  whorls,  and  the  original  type 
of  the  bag-like  embryonal  shells. 

Nor  can  we  acconnt  either  for  the  fact,  that  in  fig.  20  a  tur- 
reted  form  is  produced  with  longitudinal  ridges,  snleatioDs,  and 
all  the  marks  of  fig.  11,  though  in  a  series  evidently  very  anfiivor- 
ably  affected  by  the  surroundings,  as  shown  by  the  decrease  in 
size,  nor  for  the  persistence  of  Series  II,  without  recognizing 
that  in  these  series  heredity  was  fighting  a  battle  against  the 
moilifvins:  or  unfavorable  nature  of  the  surroundings. 

It  is  undoubtedly  true,  that  in  many  cases  there  is  a  retardation 
as  well  as  an  acceleration  in  the  repetition  of  the  characteristics 
of  the  ancestor  in  the  young  of  6-7  for  example.  Thus  in  some 
individuals  the  form  of  fig.  8  may  be  held  until  the  shell  is  quite 
sizable,  four-hundredths  of  an  inch  in  diameter  or  even  larger; 
but  these  are  exceptions,  which  prove  the  rule. 

They  show  like  reversions  of  all  kinds  the  trcmendons  f<n*ces  of 
heredity  striving  to  maintain  invariability  to  reproduce  like. 

Wc  might  with  llenr  Wurtenburger  say,  that  since  some  shells 
in  the  immediate  children  of  any  pair  inlierit  characteristics  later 
and  some  at  earlier  ages  than  those  at  which  they  appeared  in  the 
parents,  that  those  inheriting  them  earlier  were  stronger  and  had 
more  descendants,  and  therefore  these  having  the  development 
accelerated,  were  gradually  replacing  the  other  with  slower  devel- 
opment. 

This  sounds  well,  but  how  can  distortions  be  of  advantage,  and 
these  are  transmitted  also  with  acceleration  in  development  as  in 
Series  I,  and  there  ought  to  be  some  one  series  showing  this  later 
mode  of  inheritance,  something  1  have  as  yet  sought  in  vain. 

Again,  how  can  we  account  for  the  persistence  of  the  foi-m  of 
FL  levis,  or  fig.  8,  in  the  young  of  fig.  7,  without  taking  into 
account  also  the  embrj'onal  shell  ? 

This  is  present  in  nearly  all  Gasteropoda  and  Cephalopoda,  as 
well  as  in  Planorbis  at  Steinheim,  and  of  nearly  the  same  form. 

It  is  hard  to  refer  any  such  widely  occurring  phenomenon  to  a 
question  of  advantage  or  disadvantage,  unless  wc  arc  also  pre- 
pared  to  refer  all  vital  phenomena  to  the  same  standard,  and  con- 
sent to  the  proposition,  that  animals  grov/  and  reproduce  their  own 
like,  because  it  is  of  advantage  to  them  to  grow  and  reproduce  in 
this  way,  that  t?lie  uniform,  spherical  shape  of  the  eggs  of  all 
animals  is  due  to  natural  selection  and  not  to  the  action  of  uni- 
form mechanical  force. 
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Natural  selection  certainly  has  either  no  influence  or  onl}-  a  very 
remote  bearing,  if  any,  upon  such  facts  which  are  so  plainly  the 
result  of  some  uniform  law  which  acts  at  all  times  and  in  all 
places,  and  forces  the  organization  to  make  room  for  the  changes 
which  first  talvc  place  in  the  later  periods  of  its  life  by  accelerating 
the  development  of  those  characteristics,  which  it  has  iniierited 
from  its  immediate  ancestors.'' 

This  is  not,  liowever,  the  case  with  the  differences  between  the 
distinct  scries. 

Wc  cannot  answer  the  question  why  these  four  varieties  of  PL 
levis  were  picked  out  of  a  nnmber  of  others,  which  migrated  in 
company  at  the  same  time  and  allowed  to  survive  in  the  Steinheim 
basin,  except  b}'  the  law  of  natural  selection.  All  the  facts  sujv 
port  this  view,  as  well  as  the  dying-out  of  hybrids  between  them. 

The  characteristics  which  distinguish  the  series  from  each  other 
are  tlic  differences  of  the  four  varieties,  and  it  is  to  the  preser- 
vation of  these  original  differences,  that  this  law  can  be  safely 
applied,  not  to  the  production  of  similar  forms  in  distinct  series 
like  figs.  C-11-20,  or  4  and  19. 

Tlicse  differences  arc  the  flatter  upper  and  lower  sides  of  fig.  1, 
and  its  angular  outer  side  as  contrasted  with  fig.  8,  the  flatness 
and  angularity  of  fig.  12,  and  tlie  peculiar  stout  form,  smaller  size 
and  rounded  whorls  of  fig.  16. 

These  differences  are  immensely  increased  in  the  successive 
generations  of  the  <liffcrent  series,  except  in  the  persistent  Series 
II,  and  even  here  the}'  are  slightly  increased. 

These  differences  arc  npparentlj^  advantageous  to  the  varieties 
possessing  them,  and  we  can  understand  their  maintenance  in  these 
varieties  and  their  greater  increase  as  compared  with  other  va- 
rieties of  Planorbis  levis  on  this  hypothesis. 

But  how  oxplain  the  growing  smaller  of  Series  I  in  all  its  sub- 
series,  and  the  origin  of  deformed  species? 

These  do  not  die  out  like  the  disadvantageous  differences,  which 
once  filled  the  gaps  between  the  four  ancestors  of  the  difierent 
series.  They  arc  peri)etuate(l  and  are  inherited  according  to  the 
law  of  quicker  tlevelopnient  or  acccleraticn  in  the  same  manner  as 
the  advantageous  characteristics  of  Series  IV  and  III,  and  like 

'These  last  arc  nlinost  the  words  of  llcrr  Wmteniljerscr;  but  tlint  they  come  from 
my  own  prc\'ions  piibllcnlioiis  may  be  seen  by  comparison  with  my  first  pulilicntion  on 
tiis  subject — "Parallelisms  of  Individual  and  Onlrr  nHiong  Tctrabrnnchato  Mol* 
lusks."    Memoirs  UosL  Soc.  Nat.  Hist.,  Vol.  J,  liWG-7. 
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ibeni  they  become  characteristics  of  species,  or  groups  of  forms, 
which  can  be  called  species  or  varieties  as  one  chooses. 

Like  the  inheritance  of  wounds  or  diseases,  they  tend  to  appear 
at  earlier  ages  in  successive  generations  or  become  immediately 
congenital,  and  like  them  th^y  are  certainly  not  advantageous  to 
the  race,  or  at  least  cannot  l)e  claimed  to  be  of  the  same  or  even 
similar  advantages  as  the  peculiarities  of  their  immediate  compan- 
ions in  Series  IV. 

If  one  is  healthy,  the  other  is  not,  if  one  is  under  favorable 
conditions,  the  other  is  not,  if  one  is  selected,  the  other  cannot  be, 
and  yet  the  peculiarities  of  both  are  perpetuated  alike  in  all  cases. 

Semper's  researches  on  Lymnaeus  show  that  the  shells  were 
dwarfed  when  under  unfavorable  conditions  as  to  temperature, 
food,  etc.,  and  these  again  may  be  cited  here  in  support  of  the 
above. 

This  law  of  heredity  is  then  certainly  independent  of  the  ques- 
tion of  advantage  or  disadvantage,  as  well  as  of  the  ph3-sical 
character  of  the  surroundings,  since  it  takes  no  account  of  how  a 
character  becomes  fixed  in  the  organization,  but  only  of  the  fact 
that  it  is  fixed  and  proceeds  to  transmit  it  to  earlier  and  earlier 
ages,  making  in  course  of  time  a  type  either  wholly  deformed  and 
retrogressive,  or  wholly  well  formed  and  progressive  with  equal 
indifference.® 

If  this  conclusion  be  the  true  one,  we  sec  at  once  that  the  dif- 
ferences of  the  four  ancestral  varieties  are  acted  upon  by  natural 
selection,  only  so  long  as  there  are  competing  varieties  present. 

When  the  competing  varieties  ceased  to  have  any  effect  upon 
the  descendants  of  the  successful  individuals  by  their  intercrossing 
with  them,  we  find  the  differences  like  all  other  characteristics  in- 
herited according  to  the  same  invariable  law. 

The  general  resemblances  of  the  forms  iu  the  different  series 
are  largely  due  to  the  tendency  which  each  series  presents  of  be- 
coming more  and  more  uns3*mmetrical  in  the  spiral  or  turreted. 

Thus  figs.  24  and  7,  figs.  20,  11  and  6,  figs.  28  and  23,  figs.  25, 

*>  rhysicians  nill  nt  once  apply  this  to  the  tiistury  of  cougcnital  dir'oaBCS,  nud  sono 
of  ihcMii  may  perliaps  ]»o  able  to  cite  instances  where  diseases  liare  appcare«l  in  a  *eovtl« 
ancc  Willi  this  law  nt  later  .--tages  in  ilio  dcvcloimicnt  of  the  ilesceutlants  of  a  discnecj 
ance^tor.  1  hope  eouic  will  be  indnccd  to  conununicato  ^uch  eases,  since  I  have  been 
trying,  hitherto,  with  very  iudifleient  success,  tliongh  assi>te«l  by  the  Ma!*s.  Boaril  of 
Ilealth.  to  gather  Btuli6ticB  of  all  cases  in  which  the  approximate  age  of  their  first  a|v 
pearance  in  an  ancestor  or  parent,  and  that  of  their  api>earaiico  iu  the  desccndaut  oi* 
cLild,  can  bo  stated. 
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21,  13  and  3,  present  different  degrees  of  this  phenomenon,  which 
is  generally  known  as  the  appearance  of  similar  or  representative 
forms  as  they  are  called  in  distinct  genetic  series. 

The  original  ancestors,  it  will  be  observed,  arc  much  flatter  or 
more  bilateral  than  any  of  their  descendants,  and  there  are  some 
varieties  of  these,  like  figs.  24,  25,  Plate  2,  which  are  really 
bilaterally  symmetrical,  that  is  not  in  the  least  degree  turreted, 
as  in  fact  are  the  young  of  many  of  the  lower  species.  Not  only 
in  each  individual  mollusk,  which  has  an  unsymmetrical  shell  in 
the  adult,  is  there  a  change  during  growth,  but  in  many  groups 
there  is  a  traceable  gradation  of  forms  from  those  which  arc  more 
or  less  bilaterally  symmetrical  to  those  which  are  more  or  less 
^laterally  unsymmetrical. 

Darwinists  would  say  that  want  of  bilateral  symmetry  or  the 
unsymmetrical  spire  was  of  advantage  to  the  animal,  therefore  it 
was  selected  and  perpetuated. 

Now  this  statement  could  be  readily  accepted,  if  it  were  not 
for  the  "therefore"  implying  a  relation  of  causation. 

Most  of  the  characteristics  caused  by  the  physical  surroundings 
ure  of  course  advantageous,  but  the  physical  forces  are  the  causes 
and  not  the  advantageous  or  disadvantageous  nature  of  the  char* 
actcristic. 

The  form  of  the  embryonal  shell  is  straight,  bag-like  or  swollen, 
tubular;  figs.  29-30,  PI.  1. 

The  simplest  form  of  all  is  a  disk  with  which  this  embryonal 
bag  begins,  but  this  or  the  embryonal  shell  it  is  not  necessary  for 
us  to  consider. 

The  coiled  unsymmetrical  shell  (b  a)  is  carried  above  the  foot 
(7c)  as  in  the  Helix  j^omatkiy  fig.  8,  PI.  2,  and  Planorbis,  fig.  8  a, 
PI.  2.  This  is  built  by  the  mantle  or  internal  soft  covering  of  the 
body  d,  fig.  9.  The  shell  has  been  removed,  and  the  fleshy  cone  of 
the  mantle  containing  the  stomach,  intestine,  etc.,  has  been  partly 
unrolled  to  show  that  it  was  originally  coiled  up  inside  of  the  shell; 
The  structure  of  the  shell  can  be  more  easily  understood  in  forms 
like  figs.  11,  12,  PI.  2,  where  the  mantle  is  not  so  long  and  not 
coiled,  but  builds  a  broad,  evenly  balanced,  conical  roof  above  the 
foot  as  in  the  Patella  or  Limpet.  If  this  shell  be  divided  into 
halves  and  one  half  removed  as  in  fig.  12,  the  structure  of  the 
shell  becomes  visible  and  the  relations  of  the  mantle,  d,  and  the 
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mantle  border,  df',  to  each  other  and  to  the  two  Ia3-er8  of  the  sbelt, 
e,  and  e'. 

This  animal  was  once  small  enough  to  occupy  only  the  npper 
part  of  this  cone  and  then  as  it  grew  in  size  built  the  shell  aboTe 
itself. 

The  outer  layers,  e,  fig.  12,  the  outer  edges  of  which  are  seen 
also  on  the  surface  of  the  shell,  6a,  f}g,  11,  were  plastered  up  one 
inside  of  the  other  by  the  mantle  border,  (?-f-,  which  exactly  fits 
the  last  one  formed,  and  the  inner,  longer,  layers  e'  which  simply 
serve  to  strengthen  and  support  these  are  laid  on  by  the  mantle 
itself,  d,  fig.  12. 

The  mantle  border  in  the  gastcropod  forms  a  sort  of  collar,  d+ 
figs.  8  and  12,  PI.  2,  around  the  edge  of  the  mantle,  through  which 
the  creeping  disk  or  foot  projects  when  the  animal  is  expanded. 

The  mantle  border  among  the  lamellibranchs  d-^fig.  18,  PL  2, 
forms  a  wider  opening*  or  slit  fore  and  aft,  but  it  serves  the  same 
purpose  of  an  aperture  for  the  protrusion  of  the  foot,  when  this  is 
used  as  an  external  organ  of  motion,  fig.  18,  PL  2. 

Any  force,  which  would  confine  or  interfere  with  the  excreting 
surfaces  of  the  mantle  border,  would  affect  the  form  of  the  imbri- 
cated layers  e*  whicli  determine  the  shape  of  the  shell,  and  thus 
change  or  curve  the  form  of  the  cone.  The  weight  of  the  shell 
itself  or  gravitation  is  such  a  force.  If  we  try  to  account  for  the 
regularity  of  the  spirals,  whether  bilateral  or  unsymmetrical,  we 
are  struck  by  the  fact  of  their  great  regulaiit}-  of  curvature,  and 
that  this  regularity  can  only  be  accounted  for  as  the  result  of  some 
general  and  constantly  acting  physical  force,  which  tends  to  make 
the  bag-like,  straight  shell  of  the  3'oung  bend  first  into  a  biilaternl 
spiral  and  then  into  an  unsymmetrical  spiral. 

The  force  of  gravitation  unless  counteracted  by  great  muscular 
strength,  or  the  equilibrium  of  a  perfectly  cone-shaped,  erect  shell, 
as  in  some  mollusks,  would  make  the  growing  shell  hang  back  and 
weigh  upon  the  hinder  portion  of  tlie  border  of  the  mantle,  thus 
compressing  the  excreting  surface  in  that  quarter  and  decreasing 
the  breadth  of  the  shell  layers  built  by  this  part. 

This  would  make  the  shell  assume  the  form  of  a  bent  cone  or  the 
bilateral  spiral  as  in  figs.  24-25,  PL  2. 

The  unsymmetrical  spiral  would  be  occasioned  by  any  additionu.1 

•  See  also  flg.  3,  a  fresh  water  clam  (Anodonta)  thrown  widely  open. 
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inequality  in  the  weight  of  one  side  over  the  other,  which  could 
be  occasioned  by  the  distribution  of  the  heavier  internal  organs, 
particularly  of  the  stomach,  ovaries,  etc.  Any  irregularities  of 
weight  on  one  side  more  than  the  other  would,  it  is  obvious,  also 
compress  that  side  as  well  as  the  back  part  of  the  mantle  border, 
and  tend  to  narrow  the  deposits. 

This  would  occasion  a  deflection  laterally,  and  we  should  have, 
what  is  so  commonly  the  case,  a  shell  bilateral  in  the  3'oung  or  at 
the  apex  becoming  by  growth  unsymmetrical  or  spiral. 

This  explanation  is  obviously  applicable  to  the  regular  spirals, 
but  the  test  cases  arc  the  irregular  spirals. 

These  occur  through  weakness  occasioned  by  wounds,  disease, 
fig.  21,  PI.  2,  or  old  age,  as  iu  fig.  22,  PI.  2. 

All  of  the  distortions  thus  produced  tend  to  be  irregular,  that 
is  the  animal  becomes  too  weak  to  counteract  the  eficcts  of  the 
weight  of  .the  shell  by  its  inherited  muscular  power,  and  it  falls 
over  more  or  less  to  one  side  destroying  the  regular  curve  of  the 
spiral. 

This  falling  over  to  the  side  of  greatest  weight  occasions  an 
irregularity  in  the  deposition  of  the  outer  shell  layers,  and  the 
shell  becomes  more  and  more  irregular  as  the  animal  grows  weaker 
in  old  age  or  through  disease. 

Another  proof  of  the  effect  of  gravity  lies  in  the  fact,  that  the 
in*egularity  of  form  of  the  shell  is  proportional  to  the  extent  to 
which  it  is  supported  and  the  excreting  border  of  the  mantle 
relieved  from  the  effect  of  its  weight. 

Thus  a  perfectly  regular  spire  in  the  young  by  being  supported, 
is  turned  into  an  irregular  meandering  tube  in  the  after  growth  of 
the  same  animal. 

Magilus  antiquus  crawls  freely  when  3'oung  among  corals  and 
has  during  this  period  a  regular  turreted  shell,  fig.  23,  6a,  PI.  2. 
It  becomes  finally  fixed  in  the  growing  coral  which  completely 
invests  and  supports  it,  and  thereafter  its  shell  is  a  rough  irregular 
tube  growing  upwards  in  the  direction  of  least  resistance.  The 
border  of  the  mantle  being  free  from  compression  on  all  sides 
deposits  shell  matter  about  equally  all  around  in  the  specimen 
figured,  and  therefore  grows  upwards  in  a  straight  line. 

The  Vermitidae  are  supported  in  various  degrees  in  the  adults, 
but  free  in  the  young.  Their  shells,  therefore,  though  having  a 
regular  spiral  in  the  young,  are  in  proportion  to  the  support 
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received,  tmnsforxned  into  tubes  more  or  less  meandering  after 
they  become  attached  as  in  fig.  10  a,  PI.  2,  or  loose  irregular 
spirals  rising  up  like  corkscrews  and  only  supported  on  one  side 
as  in  fig.  10. 

Tlie  Animonoids  and  Nautiloids  ai'e  notable  for  the  complete 
bilateral  symmetry  of  their  spiral  shells. 

'  Diseased  specimens,  which  are  not  infrequent,  however,  tend  to 

*  become  unsymmetrical,  coiling  like  the  gasteropods,  as  is   well 

known  to  all  experienced  palaeontologists.     These  are  commonly 

spoken  of  by  Quenstedt,  and  others,  as  diseased  or  deformed  or 

sick  species. 

Once  at  the  Sorbonne  in  Paris,  Professor  Ilebcrt,  a  distinguished 
French  palaeontologist,  showed  me  a  magnificent  scries  of  uncoiled 
Cretaceous  Ammonites,  and  by  way  of  testing  these  conclusions,  I 
asked  this  question. 

"  Where,  M.  Hebert,  is  the  closely  coiled  symmetrical  form 
which  ought  to  be  found  with  these  ?  "  He  turned  to  the  other  side 
of  the  room,  and  pointed  out  the  required  form,  saving,  "  There 
it  is,  I  found  it  last  summer.*' 

These  and  other  facts  of  a  similar  kind  indicate  that,  when 
physical  surroundings  become  unfavorable  to  any  organization,  it 
takes  on  a  certain  series  of  retrograde  transformations. 

When  they  occur  in  the  individual  in  the  decline  of  life  or  pre- 
maturely in  the  course  of  growth,  through  disease,  the}'  are  similar 
to  the  characteristics  of  whole  species,  and  even  groups  of 
degenerate  forms.  As  in  the  case  described  above,  fig.  22,  PI.  2, 
taken  from  an  aged  specimen,  but  it  is  distorted  in  the  same  way 
as  the  diseased  specimen,  fig.  21,  PI.  2,  and  the  retrogressive  or 
degraded  species  of  Series  I,  PI.  1. 

All  the  facts  corroborating  this  assertion  have  already  been 
published  and  are  too  numerous  to  be  described  in  the  limits  of  a 
paper  like  this. 

The  direction  of  the  spiral  is  backwards  ^^  or  awa}'  from  the 
mouth  in  the  Gasteroi>ods  and  towards  the  mouth  in  the  Lamel- 
libranchs ;  in  both,  however,  it  is  in  tlie  direction  in  which 
gravitation  acts  with  greatest  effect. 

The  Lamellibranchs  have  a  split  shell,  with  two  valves.  Each 
valve  is  unsymmetrically  spiral,  but  there  is  one  on  each  side  of  the 

1*  In  the  Cephalopoda  it  is  backwardB.alsOi  but  with  the  Tentral  side  turned  out,  the 
rererse  of  the  gasteropod  spiral. 
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tdrtical  axis  or  axis  of  gravity  so  that  they  balance  each  other 
and  together  form  a  bilaterally  symmetrical  shell,  figs.  15,  18  seen 
from  the  side  and  16,  17  from  behind;  a,  spiral  of  right  valve 
and  6,  spiral  of  left  valve. 

The  spiral  and  the  outlines  of  the  valves  are  equal  on  either 
side  except  in  those  forms  which  change  the  vcilical  axis  and  lie 
habitually  on  one  side. 

These  are  deformed  and  unequal ;  the  deformation  is  in  accord- 
ance with  the  amount  of  support  and  the  resistance  of  the  sur- 
roundings. 

Thus  oysters  may  grow  to  the  riglit  or  left  or  very  irregularly, 
fitting  the  curvature  of  surface,  fig.  13,  PI.  2.  In  the  3'oung  they 
are  free  moving,  bilaterally  S3*mmetrical  and  for  a  time  attached 
b}'  a  byssus,'*  and  then  lie  over  on  one  side. 

Their  symmetry  is  precisely  accordant  with  these  changes  end- 
ing with  having  the  lower  valve  permanently  attached  and  larger 
and  more  concave  than  tlie  upper. 

Fig.  14,  PI.  2,  shows  the  outlines  of  a  clam  shell  above  that  of 
an  oyster  shell,  and  both  in  their  real  positions  for  comparison 
with  each  other,  the  beaks  of  the  clam  shell  being  upon  the  back 
and  those  of  the  oyster  shell  across  the  anterior  or  mouth  end  of 
the  animal,  which  has  built  the  shell.  The  positions  of  the  mouth 
in  each  animal  are  shown  at  Z,  L 

Fig.  18,  PI.  2,  shows  one  side  of  a  clam  supposed  to  be  buried 
in  the  mud  with  the  siphons  extended  to  the  surface  and  the 
mantle  border  or  shell  building  organ  eZ-|-,  and  the  digging  foot  ^% 
in  their  natural  expanded  condition. 

What  are  the  changes,  which  can  take  place,  in  a  meml^erof  the 
oyster  family  by  change  of  habit  ?^2  Can  an  animal  of  this  family, 
which  is  always  unsymmetrical  when  l3'ing  on  one  side,  have  a  dif- 
ferent position  and  thus  return  to  the  normal  condition  and  have 
valves  which  are  symmetrical  and  bilateral  ? 

^1  The  common  massel,  fig  15,  ?f iftihta  etlulus^  vemaiuB  in  the  condition  throughout 
life,  h'  byesus. 

*'  The  effects  of  change  of  habit  have  lately  been  followed  out  by  Dr.  Anton  Dohm  In 
an  essay  In  which  he  shows  the  results  of  change  of  function  iudnccd  by  new 
conditions  to  be  the  trausformations  of  the  organs  themselves.  His  hypothesis  states 
that  new  habit»  bring  about  or  induce  the  organs  to  exei-cisc  r.pparcnlly  new  functions. 
Which  were  latent  or  only  partly  developed  under  the  original  conditions  of  the  but* 
roundiugs. 

See  Der  Ursprung  und  d.  Princip  des  Functionswechsel,  by  Dr.  Anton  Dohrn, 
Leipzig,  1875.  , 
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This  question  is  answered  by  Lima,  one  of  the  same  group  as 
the  oyster,  a  free  swimmer  bat  also  burrowing  into  sponges  as 
the  clam  docs  into  the  earth.  This  change  of  habit  produces  a 
corrcsiX)nding  change  in  symmetry-,  and  it  becomes  like  the  clam 
also  perfectly  bilateral,  fig.  16,  PI.  2. 

On  the  other  hand,  can  one  of  the  fresh-water  clams,  fig.  3,  17, 
PI.  2,  which  are  the  reverse  of  the  Ostrcadie,  being  almost  inva- 
riably free  moving  or  burrowing  and  habitually  bilateral,  become 
attached,  and  if  so  does  its  shell  become  distorted  like  that  of  an 
oyster  ? 

The  answer  to  this  is  Mulleria  and  genus  iEgeria.  MuUeria, 
fig.  19,  becomes  attached  and  is  distorted  so  as  to  resemble  the 
03'ster  and  not  only  that,  but  the  animal  changes,  since  there  is 
but  one  large  muscle,  (/,  as  in  the  03'ster,  fig.  1,  PI.  2,  in  place  of 
the  two  muscles  used  to  close  the  shell  in  the  clams  g^  g;  Rg.  18, 
PI.  2,  and  the  beaks  of  the  shell  have  shifted  from  the  middle  of 
the  back  to  the  anterior  end.  Probably  all  attached  animals 
show  this  tendency.  Their  attached  and  supported  parts,  the 
bases  of  the  stems,  etc.,  are  iiTCgular  in  form  and  growth,  and  their 
free  upper  parts  more  or  less  laterally  S3*mmetrical.  The  radiate 
symmetry  of  the  soft  bodies  of  corals  and  of  the  harder,  plate- 
covered  cups  of  the  Crinoids,  the  attached  parts  of  the  Ascidians 
as  compared  with  their  freer  bodies  above ;  the  perfect  bilateral 
symmetry  of  the  free  moving  parts  of  the  mollusca,  as  in  the 
Helix,  fig.  8,  PI.  2,  and  Planorbis,  fig.  8a  as  compared  with  their 
supported  spiral  shells,  the  same  perfection  in  the  free  Eolis,  fig. 
2,  PI.  2,  which  has  no  shell  in  the  adult,  and  in  most  of  the  Ptero- 
pods,  fig.  7,  PI.  2,  free  swimming  animals,  as  well  as  in  the 
Cephalopods,  fig.  5,  PI.  2. 

One  of  the  best  proofs  of  this  position  lies  where  it  is  least  to 
be  expected.  The  Brachiopoda  are  attached  by  a  peduncle,  or 
fleshy  stem,  and  the  upper  valve,  and  not  the  lower,  is  the  larger, 
just  the  reverse  of  the  o^-ster. 

Upon  examination,  however,  it  is  found  that  it  is  the  upper  valve 
which  is  held  b}'  the  peduncle  and  the  lower  valve  alone  opens 
and  closes.  Then  again  Lingula,  another  type  of  Brachiopod, 
which  is  not  fixed  b}'  its  peduncle,  but  simply  occupies  a  sand 
burrow,  and  can  move  its  valves  sidewise,  one  over  the  other,  has 
equal  valves.  Prof.  E.  S.  Morse's  investigations  have  shown  that 
the  symmetry  in  these  animals  changes  from  a  worm-like  upright 
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young  of  three  rings  or  segments,  and  becomes  laterally  sym- 
metrical by  subsequent  changes  in  the  form  of  the  first  and  second 
segments,  the  third  changing  into  the  peduncle.  Here  then  a 
round  worm-like  form  exchanges  its  cylindrical  shape  for  a  flatter 
shell-covered  body  in  two  of  its  segments,  which  become  bent  over 
into  a  horizontal  position  while  the  third,  which  remains  vertical, 
retains  the  original  round  tubular  form. 

The  Anomia,  figs.  31,  32,  PI.  2,  presents  a  series  of  changes 
very  similar  in  their  meaning,  though  this  animal  is  closely  allied 
to  the  03^ster. 

It  has  the  lower  valve  flat,  resting  upon  and  taking  the  form  of 
the  surface  upon  which  it  grows.  The  upper  valve,  6,  figs.  30-31, 
is  convex  and  larger  than  the  lower  concave  valve,  a,  fig.  30,  and 
is  supported  by  a  plug  A",  passing  through  the  lower  valve.  In 
this  case  in  which  also  the  upper  valve  is  the  larger,  it  is  this 
which  receives  the  direct  support  of  the  attached  plug. 

The  young  are  at  first  free,  then  attached  by  a  byssus.  Figs. 
26,  27,  show  the  right  and  left  valves  at  an  age  when  the  animal 
has  fallen  over  on  the  right  side,  and  the  notch,  fig.  27,  begins 
to  be  formed. 

Fig.  28  shows  how  the  lower  valve  continues  to  build  out  around 
the  notch  towards  the  anterior  end,  and  in  figs.  29  and  30,  it 
becomes  complete.  This  greater  demand  upon  functional  activity 
of  the  lower  side  of  the  mantle,  and  the  fact  that  this  is  the 
movable  valve,  explain  why  it  is  not  larger  than  the  upper  valve 
as  in  the  oyster. 

As  was  pointed  out  to  me  by  Mr.  J.  S.  Kingsley  the  growth 
of  the  upper  and  lower  valves  sidewise  is  really  an  effort  on  the 
part  of  the  animal  to  recover,  by  lateral  growth  in  a  new  direction, 
the  s^-mmetry  lost  when  it  fell  over  on  its  side.  Any  one  com- 
paring figs.  28  and  31-30  will  see  that  the  long  axis  of  the  form 
in  fig.  31  is  at  right  angles  to  what  it  is  in  fig.  27. 

I  shall  call  this  tendency,  to  equalize  the  form  in  the  direction 
of  a  horizontal  plane,  geomaUc;  the  downward  tendency  of  the 
growth  being  designated  by  botanists  geotrojnc. 

The  Anomia,  when  it  falls  over,  loses  its  bilateral  symmetry, 
because  the  right  and  left  sides  become  upper  and  lower,  and 
being  in  the  vertical  position,  they  are  unequally  afl'ected  by 
gravity  and  by  change  of  function.  At  the  same  time  the  dorsal 
and  ventral  sides,  which  were  before  vertical,  have  become  hori* 
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zontal ;  and  the  geomalic  growth  of  the  ventral  side,  in  order  to 
restore  the  lost  equilibrium  in  a  Iiorizontal  direction,  at  once 
begins.  This  does  not  attain  perfect  lateral  symmetiy.  The  form 
of  the  animal  cannot  be  easily  changed,  and  the  dorsal  and  ventral 
sides  are  still  distinguishable ;  therefore,  it  is  necessary  to  call 
this  tendency  of  the  growth  by  a  new  nam*e,  so  that  we  can  speak 
of  the  dorsal  and  ventral  as  well  as  the  right  and  left  sides  as 
having  the  same  tendency  to  assume  by  geomalic  growth  the 
natural  and  inevitable  conditions  of  equilibrium.  The  experienced 
observer  will  at  once  think  of  many  apparent  violations  of  this  law. 

Many  larval  forms  of  Gasteropods  begin  to  build  the  spiral,  while 
they  are  still  within  the  egg^  or  still  free  swimming  animals. 

Balfour  ^^  states,  in  his  masterly  summary  of  Comparative  Em- 
bryology  that,  during  an  early  larval  period,  **in  most  Gasteropods, 
the  shell  and  mantle  extend  much  more  to  the  left  than  towards 
the  right  side  and  that  the  commencement  of  the  spiral  shell  is 
thus  produced."  This  same  explanation  applies  to  the  falling 
over  on  one  side  of  the  young  Anomia  and  oyster,  in  so  far  as  the 
side  upon  which  they  fall  is  heavier  than  the  other  or  upper  side. 

These  seem  to  be  readily  accounted  for  as  the  direct  results  of 
hereilitary  peculiarities  which  have  arisen  in  their  ancestors  and 
become  embryonic  through  the  action  of  the  law  of  quicker  de- 
velopment or  acceleration  explained  above,  and  into  the  same 
category  comes  also  the  straight  anomalous  bag-like  shell  or  plate 
of  the  cmbiyo,  and  the  split  bivalve  shell  of  the  3'oung  oyster, 
which  according  to  Professor  Brooks  is  never  an  embryonic  plate 
as  in  other  Lamellibranchs. 

Any  and  all  of  these  anomalies  might  be  produced  during  these 
eaHier  stages,  as  the  results  of  direct  inheritance  during  the  pro- 
tected periods  of  growth  in  the  young. 

The  cases  of  lanthina  and  spiral  shelled  Pteropods  which,  being 
free  and  having  the  shell  pendent  in  the  water,  ought  to  have  per- 
fectly bilateral  or  balanced  shells,  are  however  not  explicable  on 
this  hypothesis,  unless  it  can  be  shown  that  they  are  highly  spec- 
ialized pelagic  forms  descended  from  the  ordinary  creeping  gas- 
teropods or  their  larva,  and  still  holding  in  some  persistent 
species  their  modes  of  growth. 

Balfour  ^^  summarizes  our  knowledge  of  these  forms  as  follows : 

u  Comparative  Cmbiyology,  vol.  1,  p.  190. 

t«c^d<.p.i9a.  .  .. , 


BT   ALPHEUS    HYATT.  54S 

'*  Although  many  of  the  adult  forms  are  symmetrical,  there  is  very 
early  asymmetry  visible  in  the  larva,  showing  that  the  Pteropods 
are  descended  from  asymmetrical  ancestors." 

He  writes,  on  page  198,  with  relation  to  the' remarkable  ft'ee 
swimming  forms  of  the  Heteropods  or  Nucleobranchs,  that  "  they 
have  larvae  like  ordinary  Gasteropoda."  Carinaria,  one  of 
these  Nucleobranchs,  floats  in  the  open  sea  and  has  the  shell 
down,  but  unlike  the  Pteropods  with  swimming  wings  as  in 
fig.  7,  PI.  2,  they  have  a  long  foot  above  the  shell  containing 
most  of  the  organs  of  the  body. 

It  is  a  very  significant  fact  that  the  young  shell  iu  this  and 
several  other  Heteropods  is  spiral  before  it  assumes  the  boat-like 
bilateral  symmetry  of  the  later  stages  of  growth. 

Other  genera  show  that  the  spiral  shell  may  persist  in  the  samd 
way  until  quite  a  late  period  of  individual  development  and  the 
shell  still  become  subsequently  bilateral  as  in  Atlanta. 

The  Nucleobranchs  have  also  other  peculiarities  which  indicate 
that  they  are  degraded  or  highly  specialized  forms  descended  from 
ordinary  shell-covered  Mollusca. 

Among  Mollusca,  the  Cephalopods,  which  have  very  light  cham- 
bered shells,  have  always  from  their  first  appearance  in  the  Cambrian 
possessed  bilateral  spirals,  except  in  diseased  forms  and  degraded 
si>ecies  resembling  them.  The  Gasteropoda,  a  crawling  type  with 
their  solidly  filled  cones  carried  above,  have  had  the  shells  covering 
the  pai*t  generally  deflected  into  unsymmetrical  spirals,  with  the 
apex  canted  backwards,  for  an  almost  equally  prolonged  period. 
The  Laraellibranchs,  a  burrowing  type  also  veiy  ancient  in  origin, 
have  split  and  movable  shells,  the  apices  and  the  spiral  reversed, 
pointing  anteriorly  so  far  as  the  animal  is  concerned,  but  still 
held  in  precisely  the  direction  they  ought  to  assume,  if  their 
growth  were  determmed  by  gravitation.  All  of  these  facts  are 
very  favorable  to  the  assumed  proposition. 

If  we  consider  the  growth  of  any  body  with  reference  to  its 
fixed  hereditary  form  and  also  to  its  relations  to  gravity,  we  find 
that  effort  must  necessarily  be  in  six  directions. 

Vertical  against  gravitation,  and  down  with  gravitation,  laterally 
to  the  right  and  left  for  the  attainment  of  equilibrium,  and  forward 
and  backward  in  the  direction  of  locomotion. 

The  forces  being  thus  unequally  divided  must,  if  they  have  any 
effect,  necessarily  tend  to  produce  a  difference  in  symmetry  between 
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the  bases  and  the  parts  above;  and  supplement,  if  they  did  not 
primarily  determine,  the  differences  which  have  arisen  l)etween  the 
upper  and  lower  sides  of  animal  bodies. 

The  same  proposition  must  in  some  measure  be  true  of  any 
animal  whatever  in  the  direction  of  the  true  vertical  axis  which 
passes  through  its  centre  of  gravity  and  the  centre  of  the  earth. 

The  fact  will  be  granted  that  nearly  all  animals  and  plants 
differ  in  these  parts  above  and  below,  whether  gravitation  be 
admitted  as  one  of  the  causes  of  this  or  not. 

The  force  of  gravitation  will  act  equally  at  all  equal  distances, 
to  the  right  and  left  of  a  vertical  plane  passing  through  the  centre 
of  gravity,  and  the  axis  of  the  form. 

The  axis  of  the  form  must  necessarily  be  the  median  line  drawn 
through  the  morphological  centre  of  the  external  outlines,  and  a 
plane  passed  through  this  axis  and  through  the  centre  of  gravity 
divides  the  body,  in  almost  all  free  moving  animals,  as  nearly  as 
possible  into  halves. 

At  all  equal  distances  from  the  centre  of  gravity  on  either  side 
of  this  plane,  the  attraction  ought  to  produce  equality  in  the  effort 
to  use  the  organs  of  both  sides,  for  the  support  or  movements  of 
the  body.  That  this  effort  would  result  in  the  bilateral  growth  of 
the  limbs,  etc.,  cannot  be  definitely  proven  ;  but  a  fact  most 
significant  in  this  direction  is  the  origin  in  pairs  of  so  many 
of  the  external  and  internal  organs  and  parts.  These,  which 
are  in  many  cases  derived  from  what  are  at  first  folds  of  the 
endoderm  as  are  the  glandular  organs,  liver,  etc.,  or  from  external 
budding  or  folds,  arise,  like  the  limbs  in  pairs,  except  when  they, 
as  in  the  case  of  the  median  fins  of  fishes  and  batrachians,  the 
allantois  and  bladder  or  the  alimentary  canal,  arc  situated  in 
the  median  vertical  plane. 

Bergeniann  and  Leuckart  in  their  compendious  work  "  Anatom.- 
physiolog.  Uebersicht  d.  Thicrreiclis,  Stuttgart,  1852,  p.  390 ; 
Chapter  on  "  Die  Vcrtheilung  des  Gewichts  in  beweglichen  Thier- 
korper,"  though  offering  no  explanation  of  the  facts,  describe  the 
distribution  of  the  organs  according  to  their  weight  and  their 
bilateral  relations,  and  announce  that  this  is  an  essential  condition 
of  all  effective  motion.  ''  Eine  andere  Einrichtung  wiirde  einen 
nutzloscn  Kiaftverbrauch  zur  Folge  haben,  die  Bewegung  behin* 
dern  oder  gar  unmoglich  machen."  "  Another  arrangement  would 
be  followed  by  a  useless  expenditure  of  force,  and  either  hinder 
locomotion  or  make  it  impossible." 
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As  a  fact,  however,  exact  bilatcrality  is  rarely  attained.  The 
sides  are  used  differently  in  many  animals  producing  as  in  man 
greater  growth  on  the  right  than  on  the  left,  and  in  the  lobster^ 
fiddler  crab,  etc.,  considerable  differences  between  the  large  claws 
of  either  side. 

These  cases,  in  which  the  effects  of  effort  are  apparent,  also 
help  us  to  understand  how  the  great  want  of  symmetry  between 
the  anterior  and  posterior  ends  arises  rn  all  animals  in  which  the 
axis  of  the  form  is  at  right  angles  or  inclined  to  that  of  gravity* 
It  is  of  course  undeniable  that,  so  far  as  gravity  Can  have  any  effect, 
the  anterior  and  posterior  ends  of  any  horizontal  body  ought  to  be 
in  cquilibrio  as  are  the  sides,  unless  functions  of  these  two  por* 
tions  acted  so  as  to  produce  the  inequality^  which  in  most  animals, 
distinguishes  them. 

The  mouth  end,  which  is  in  constant  use  for  the  seeking  of  food, 
which  first  encounters  danger,  etc.,  naturally  becomes  through 
these  efforts  the  seat  of  all  the  organs  relating  to  these  most  im« 
|>ortant  functions. 

If  we  add  to  this  as  a  result  of  the  same  cause  the  tendency  of 
the  limbs  to  be  concentrated  towards  the  head,  and  the  inevitable 
increase  of  the  power  and  size  of  the  cephalic  ganglia  through  use, 
we  have  sufficient  cause  for  the  a^jpearance  of  the  head  in  the 
Gasteropoda,  food-seeking  animals,  as  contrasted  with  Lamelli» 
branchs,  and  with  many  divisions  of  sedentary  animals,  which 
like  them  are  so  organized  that  they  also  have  their  food  wherever 
water  flows  past  them  loaded  with  minute  forms  of  larva,  Protozoa 
and  microscopical  plants. 

The  same  effort  to  use  the  mouth  perpetually  in  free  moving 
animals,  which  brings  that  end  forward,  unist  eventually  lead  to 
this  concentration  of  organs  and  functions,  and  perhaps  to  their 
origin  primarily  in  this  part  of  the  body,  as  well  as  to  the  enlarge* 
ment  and  functional  perfection  of  the  brain,  and  the  increasing 
discriminative  powers  of  the  surfaces  in  which  dwell  the  senses  of 
sight,  hearing,  faste  and  smell. 

When  there  is  less  functional  difference  in  the  use  of  the  two 
ends  as  in  the  common  earth  worm  and  many  other  worms,  and 
particularly  among  those  spindle-shaped,  globe-like  and  spiral- 
form  Protozoa,  some  of  which  carry  the  mouth  in  the  centre,  there 
is  a  greater  likeness  of  the  two  extremities,  and  the  geomalic  ten- 
dencies of  the  forward  and  hinder  ends  become  more  apparent. 

A.  A.  A.  8.,   VOL.  XXIX.  99 
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The  rounded  and  fusiform  outlines  of  the  Diatoms  and  the 
peculiar  forms  of  Desmids  and  of  the  Protozoa  show  that  when  the 
two  ends  of  an  organism  are  not  distinguishable  functionally, 
they  are  apt  to  be  in  equilibrium  in  the  same  proportion  as  the  sides ; 
and  that,  as  in  Volvox  and  man}'  other  forms,  there  nnay  be 
spherical  sj'mmctry  more  perfect  than  that  of  a  primitive  cell. 

It  also  ought  never  to  be  forgotten  that  the  materials  in  the  egg 
arrange  tliemselves  according  to  the  laws  of  gravity,  and  with  few 
exceptions  the  germinative  disk  at  first,  whetlier  elongated  or 
rounded,  has  equal  ends  as  well  as  sides. 

Tiiis  problem  has  not  been  approached  among  animals  as  it  has 
among  the  plants  by  Sachs,  Darwin  and  others,  and  we  do  not 
know  how  to  distinguish  between  the  direct  eflects  of  gravitation 
upon  the  growth  of  any  animal  at  any  one  staled  period  of  its  life, 
and  the  eflects  of  the  proximate  causes  arising  from  the  inherent 
tendencies  of  heredity. 

Notwithstanding  these  imperfections  in  the  evidence,  and  the 
absence  of  experimental  proof,  it  has  appeared  to  me  that  the 
discussion  of  this  question  would  not  be  without  usefulness  in 
oallinijr  attention  to  what  seems  to  me  one  of  the  most  fruitful 
lines  for  experimental  research.  This,  though  now  attracting 
much  interest  among  botanists,  on  account  of  Sachs*  ex[)eriments 
and  Darwin^H  last  book,  is  neglected  ))y  zoologists. 

In  conclusion,  permit  me  to  summarize  what  I  have  endeavored 
to  condense  in  this  brief  comuHinicatiou. 

I  have  tried  to  show  the  results  of  the  study  of  the  history  of  a 
single  species,  PL  levis^  and  its  evolution  into  many  distinguishable 
forms  of  which  14-li)  may  with  justice  be  called  by  ditlerent  names 
and  considered  as  distinct  species. 

I  have  also  striven  to  bring  into  comprehensible  shape  the 
following  conceptions. 

First,  that  the  uusymmetrical  spiral  forms  of  the  shells  of  these, 
and  of  all  the  mollusca,  [)robably  resulted  from  the  action  of  the 
laws  of  heredity,  modified  by   gravitation. 

Second,  that  there  are  n)any  characteristics  in  these  shells  and 
in  other  groups  which  are  dim  solely  to  the  uniform  action  of  the 
physical  influence  of  the  immediate  surroundings,  varying  with 
every  change  of  locality,  but  constant  and  uniform  within  each 
locality. 

ft 

Third,  that  the  Darwinian  law  of  Natural  Selection  does  not 
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explain  these  relations,  but  applies  only  to  the  first  stages  in  the 
establislmient  of  the  dilferences  between  forms  or  species  in  the- 
same  locality.  That  its  ollice  is  to  fix  these  in  the  organizatioa 
and  bring  them  within  the  reach  of  the  laws  of  heredity. 

Fourth,  that  after  this  is  done,  they  are  inherited  according  to- 
the  law  of  heredit}'  with  acceleration,  which  shows  us  in  what 
manner  these  differences  and  all  other  inheritable  characters, 
however  originated,  may  with  greater  or  less  rapidity,  become- 
incorporated  in  the  young  of  descendant  forms  and  species. 

Fifth, ^•'*  that  in  these  earlier  stages  they  are  more  or  less  pit)tected 
from  change  and  may  therefore  remain  comparatively  invariable 
through  long  periods  of  time,  or  may  be  exposed  to  great  changes 
in  exceptional  cases  and  modified  accordingly. 

Sixth,  that  those  phenomena  show,  that  in  growth,  reproduc- 
tion, and  heredity  by  acceleration,  there  is  manifested  a  decided 
reaction  of  the  organism,  which  succeeds  in  building  up  and 
maintaining  the  type  structure  and  form,  under  all  ordinary  or 
normal  terrestrial  conditions,  but  in  some  cases  fails  in  fully 
accomplishing  this  when  exposed  to  exceptional  surroundings,  as 
in  some  cases  of  parasitism. 

Seventh,  that  gravity-  appears  to  be  one  of  the  causes  of  the 
differences  in  effort,  function  and  anatomy  observed  between  the 
sides  or  ends  of  animal  forms  when  in  vertical  relations  to  each 
other  and  to  the  earth,  whether  these  be  the  anterior  and  posterior 
ends  of  the  form,  or  the  dorsal  and  ventral,  or  the  left  and  right 
sides. 

Eighth,  that  the  bilateral  or  geomalic  growth  observed  in  the 
internal  organs  and  the  external  parts  of  organism  when  their 
sides  are  in  their  original  and  hereditary  positions,  and  the  geo- 
malic growth  of  the  dorsal  and  ventral  sides,  when  tijese  become 
horizontal  through  change  of  habit,  appear  to  be,  directly  or  in- 
directly, responses  to  the  demands  of  gravity. 

Nintii,  the  origin  of  the  limbs,  etc.,  in  pairs  while  mere  buds, 
is  diflicult  to  account  for,  if  they  are  not  considered  as  the  results 
of  the  ellbrts  of  tlie  tissues  of  animals  to  maintain  the  equipoise 
of  all  the  parts  by  geomalic  growth  in  obedience  to  the  laws  of 
gravity. 

>*Tlic  Jiflh  ami  sixUi  propositions  are  not  <li>ouHsed  in  Uiis  communication. for  wnnt 
of  ■><|iarc'.  but  were  uiveu  in  the  Memoir  on  Steiulieim  Sliclltf  above  (luoted  and  iu  the 
evening  lecture  of  which  thi£  is  no  abstract. 
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EXPLANATION  OF  LETTERS. 


a,  light  valve.  5,  left  valve.  &a,  shell,  c,  hinge  area,  c',  hinge 
ligament,  d,  mantle.  d+  mantle  border,  d',  inner  limit  of 
mantle  border,  d",  pallial  line  or  trace  made  by  d'  on  the 
inner  side  of  the  valves,  dx,  siphon  or  double  funnel  of 
clam,  e,  outer  layers  of  shell  built  by  the  mantle  border. 
e'j  inner  layers  of  shell  built  by  the  mantle  itself.  /,  beaks 
or  young  valves,  still  remaining  to  form  the  beaks  of  the  two 
valves,  /a,  right  beak.  /6,  left  beak.  /',  beak,  apex,  or 
young  shell  of  Gasteropod  still  remaining  at  the  centre  of 
tiie  spire  in  Gasteropods.  g^  impression  or  mark  made  by 
the  posterior  adductor  muscle  on  the  interior  of  the  valves. 
ff'f  position  of  anterior  adductor  muscle,  shown  through  the 
shell  only  by  a  dotted  line.  A,  depression  or  hole  made  by 
the  byssus  or  byssal  plug  in  the  lower  valve  of  Anoraia. 
V,  byssus  of  threads.  A",  byssal  plug.  A;,  foot  or  crawling 
disk,  k',  tentacles  or  feelers.  ^''^  division  between  foot  and 
head.  I,  position  of  the  mouth,  m,  palpi,  or  flaps  for  con- 
veying the  food  into  the  mouth,  m',  right  pair,  tu''  left 
pair,    n,  gills,    n',  right  pair,    n",  left  pair. 

PLATE   L 
The  specimens  from  Undorf  all  belong  to  an  older  tertiary  period  than 
that  at  Steinheim.    PI.  1  is  copied  from  PI.  0  of  Memoir  above  quoted, 
except  figs.  29-30. 


Sehiks  IV. 

Fig. 

1, 

PI. 

levis,  Uudorf. 

^■< 

2, 

t< 

Steinheimensis,    Steinheim 

it 

3, 

it 

tenuis,                  )  i« 
Steinheimeuhis, ) 

•»4 

4, 

tt 

tenuis,            ,              ** 

t( 

6, 

it 

discoidens,                   ** 

(( 

6, 

tt 

trochiformis,,     ^ 
discoideus,          ) 

•<( 

7, 

tt 

trochlfoimis,               ** 
Skkies  III. 

(i 

8, 

it 

levis,  Undorf. 

it 

9, 

M 

oxystomus,          Steinheim. 

it 

10, 

ii 

supremos,                   ** 

tt 

11, 

it 

**     var.  torrita,  ** 
Seuiks  II. 

it 

12, 

it 

levis,  Undorf. 

tt 

13, 

tt 

crescens,  > 

parvus.      I  Steinheim. 

•  i 

u, 

it 

crescens,              ** 

if 

15, 

tt 

it                      tt 

>*  NamoB  written  in  this  way  indicate  the  transition  forms,  as  in  (his  case  the  variety 
connecting  Steinheimensis  with  ienuit. 
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Seribs  I. 

SUB-SBRIES  3. 

Fig.   16,  PL  levls,  Undorf. 
inlnutus,  ) 
"      17,    "    levls,        \  Stelnhelm. 

"      18,    "    minutos,  " 

«      19,    "    trlquetrus,        " 
"      20,    " 


(<  <« 


Sub  series  2. 

**      21,    **   minutns,  Steinheitn. 

denudatus,  ) 

'         mlnutus,  ) 

denudatas,  > 

<i      23     ♦*   • >         " 

'         minutus,  ) 

denudatus. 


aenuaaius,        > 

24      «< \  «« 

'        var.  dLstortus,  J 


SUB-SBIUES  1. 


it 


costatus,  >       .  , 
25»    •'  ^niSISi;  \  StelDhelm. 


•*      26,    **    costatus,  " 

<*      27,    *♦    costatus  var —   ** 
"      28,    **    costatus  var—   ** 


'*  29,  Doto  coronata?  young  showhig  the  oral  shelT  and  tike 
swimming  organ  or  velum  from  above.  V,  velam, 
y,  eyes,  p,  operculum,  the  hinged  disk  used  in  closing 
the  opening  of  the  shell  when  the  relura  and  foot  ib, 
are  drawn  into  it  as  the  animal  retracts.  The  moutk  is 
indicated  by  the  black  spot  near  the  centre  of  the 
velum. 

**      30,  View  of  the  same  taken  partly  from  tl»e  side. 

PLATE  2. 

Fig.     1,  Left  or  lower  valve  of  Oyster  (flg.  136). 

2,  Eolis  seen  from  above  (after  Adams). 

3,  Anodonta  with  shell  open. 

4,  Young  of  Oyster  (after  Brooks),  abdominal  view. 
6,  Loligo  pallida  (after  VerrlU),  dorsal  view. 

6,  Limax,  side  view. 

7,  Cavollna,  dorsal  view  (after  Brown). 

8,  Helix,  seen  partly  firom  the  under  side. 

9,  The  same  with  the  shell  dissolved  by  acid,  showing  the  conical 
bag  of  the  mantle  partly  unwound. 

10,  Vermetus  trlcarinatus,  group  of. 
10a,        '*        a  broken  specimen  winding  about  on  a  shell  of  Lima. 

11,  Patella,  diagram  showing  relation  of  shell  to  the  crawling  disk. 
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Fig.  ]2,  Same,  edge  of  shell  in  section,  and  mantle  exposed  on  one  side. 

•*  13,  Oj'stor  in  natural  position  attached  firmly  to  a  stone,  but  project- 
ing without  other  support,  for  about  |  of  its  own  ]cn|j:th. 

**  14,  (71am  shell  (Mya)  in  outline  above  an  Oyster  shell  and  both  In 
the  same  position  with  reference  to  the  structure  of  the  two 
animals,  if  these  were  in  their  places  inside  of  the  shell. 

**  15,  Mytihis  edulis  (after  Morse),  common  mussel  attached  to  a  stone 
by  its  byssus  with  the  foot  protruded. 

**       16,  Lima,  view  from  the  posterior  end,  showing  bilateral  symmetrj. 

**      17,  AnodontA,  same. 

**■  18,  Mya  arenaria.  Common  clam  seen  from  the  side  with  the  siphon 
and  mantle-rim  or  foot  extended. 

**  19,  Mulleria,  right  or  attached  valve,  wllh  the  solidified  beak  and 
the  young  shell  showing  at  the  end  of  the  beak  (after  Adams). 

*'  20,  Beak  of  the  same  showing  the  form  of  the  young  shells,  from 
the  dorsal  side. 

**  21,  Pi.  oxystomus,  var.  revertens,  spiral  showing  the  unwinding 
in  an  adult  individual,  due  to  disease. 

•*  21a,  Top  view  of  fig.  21,  and  showing  also  the  nucleus  or  young 
shell. 

"  22,  PI.  oxystomus,  extremely  old  specimen  showing  similar  uu- 
winding  of  the  spiral  due  to  tlie  weakness  of  senility. 

*'  23,  Magilns  antiquus,  showing  the  regular  spiral  below  and  the 
irregular  straight  shell,  above,  built  after  the  spiral  shell  has 
been  buried  in  tlie  coral  (after  Woodward). 

•*  24,  PI.  Steinheimcnsis,  var.  (equiumbilicatus,  view  of  section  show- 
ing how  perfectly  balanced  the  two  sides  of  the  spire  are  in 
some  shells  during  their  entire  growth. 

"      25,  External  view  of  the  same  shell,  seen  from  ventral  side. 

**      26,  Anomia,  young  shell,  left  valve  (after  Morse). 

**      27,  Anomia,  young  shell,  right  valve  (after  Morse). 

•*  28,  Anomia,  j'oung  shell,  right  valve  after  the  shell  is  turned  so  as 
rest  on  this  valve,  which  Is  now  below  and  is  making  an  effort 
to  readjust  the  lateral  symmetry  by  the  geomallc  growth  of  this 
valve  around  the  byssal  plug  (after  Morse). 

**  29,  The  same,  wMth  the  same  valve  after  it  has  been  built  around 
the  l)yssai  plug  (after  Morse). 

30,  Anomia  glabra,  a  full-grown  shell,  seen  from  the  lower,  right 
side,  with  upper  left  Talve,  showing  its  projecting  edges  and 
beak  beyond. 

31,  The  same  from  the  upper  or  left  side,  lower  shell  necessarily 
concealed. 

"  32,  The  same  from  the  anterior  end  to  show  distortion  produced  by 
the  change  in  position.  The  lower  or  right  vulvc  is  too  con- 
cave to  be  visible. 

[All  figures  not  other^vi^c  designnteil  nrc  original.] 
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On  the  Stcdy  of  Comparative  Anatomy  as  a  part  of  the  Med- 
ical Curriculum.     By  Harrison  Allen,  of  Philadelphia,  Pa. 

If  I  am  correctly  informed,  the  meetings  of  this  Association 
prove  valuable  to  its  members  not  only  by  reason  of  the  facilities 
afforded  for  the  announcement  of  discoveries,  but  also  b}-  the  op- 
portunities  presented  to  teachers  and  others,  interested  in  educa- 
tion, to  discuss  the  best  methods  of  conducting  courses  of  instruc- 
tion in  natural  science.  It  occurred  to  me  in  this  connection  that 
a  short  account  of  an  experiment  in  teaching  comparative  anatomy 
to  medical  students  might  not  be  unwelcome,  particular!}^  since 
the  experiment  was  conceived  upon  the  didactic  plan,  and  is  now 
finished.  I  desire  to  emphasize  the  didactic  nature  of  the  experi- 
ment, for  it  is  not  likely  that  a  similar  series  of  lectures  will  ao^ain 
be  given, — at  least  while  the  drift  of  opinion  for  demonstrative 
teaching  conjoined  with  laboratory-  work  continues  to  be  so  influ- 
ential. 

Comparative  anatomy  was  founded  by  John  Hunter,  a  prac- 
tising physician  and  surgeon.  The  researches  of  this  remark- 
able man  tended  at  all  times  toward  his  own  profession.  With 
liim  the  study  of  the  structure  of  animals  was  a  part  of  the  self- 
imposed  task,  the  performance  of  which  made  him  not  only  the 
great  comparative  anatomist  and  physiologist,  but  the  great  sur- 
geon as  well.  No  name  is  more  revered  in  the  annals  of  English 
medicine  than  that  of  Hunter  —  Harvey  alone  excepted.  It  is 
doubtless  largely  owing  to  this  circumstance  that  comparative 
anatomy  has  so  long  held  a  place  in  the  medical  curriculum  of  the 
British  schools,  and  that  the  institutions  in  this  country,  l)ased 
upon  the  British  model,  early  introduced  it.  The  University  of 
Pennsylvania, — which  imitated  the  University  of  P^dinburgh, — in  its 
early  history  essayed  such  a  course  of  instruction,  but  subsequent- 
ly abandoned  it.  The  McGill  University,  at  Montreal,  naturally 
imbibed  the  English  methods  of  teaching.  It  yet  continues  to  exact 
of  her  candidates  for  the  medical  degree  satisfactory  proof  that  they 
possess  a  fair  knowledge  of  the  anatoni}'  of  the  lower  animals. 
In  our  colleges  efforts  have  from  time  to  time  been  made  to  intro- 
duce comparative  anatomy  but  w^ithout  the  exercise  of  any  great 
vigor.  As  a  rule  it  ma}'  be  said  its  claims  have  been  ignored,  and 
indeed,  for  various  reasons  activel}^  attacked.  The  objections  thus 
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far  urged  bare  come  from  three  separate  directions.  First,  from 
the  teachers  in  the  preparatory  schools,  who  claim  that  tlie  stndj 
of  animal  strnctnre  and  habit  sbonid  be  completed  before  the 
student  matricniates  In  medfcine.  Second,  from  pliysicians  in- 
terested in  comparatiTC  anatomy,  who  do  not  believe  thai  the 
subject  is  of  sufficient  importance  to  take  the  time  of  the  student 
who  is  preparing  for  the  difficult  practical  art  of  healing,  and 
who  is  already  overworked.  Third,  from  those  who  believe 
that  the  medical  man  is  al!  the  worse  for  possessing  the 
knowledge,  and  should  under  no  conceivabTe  circumstances  be 
encouraged  in  getting  it.  In  the  second  group  of  the  ob- 
jectors, I  may  place  the  name  of  my  friend  Professor  Wilder,* 
and  in  the  third  that  of  Professor  Huxley.*  I  hope  the  experience 
to  be  recorded  here  will  satisfy  the  objectors  mentioned  under  the 
first  and  second  heads,  and  possibly  receire  qualified  sanction 
from  the  stal worth  nihilist  included  under  the  third. 

In  1865,  Dr.  George  B.  Wood,  of  Philadelphia,  founded  a  chair 
of  Medical  Zoology  and  Comparative  Anatomy  in  the  University 
of  Pennsylvania.  It  was  particularly  enjoined  by  its  founder  that 
these  subjects  should  be  taught  with  special  reference  to  their 
medical  relations.  The  course  was  not  to  be  a  part  of  a  prepara- 
tory training  to  medicine  but  one  coincident  therewith.  Dr.  Wood 
had  been  a  distinguished  professor  in  the  medical  department, — 
having  held  the  chairs  of  Materia  Medica  and  Practice  of  Medi- 
cine. He  wished  special  attention  to  be  given  to  the  parasites  of 
man  and  to  the  articles  of  the  materia  medica  procured  from  ani- 
mals. Acting  upon  this  instruction,  I  gave  an  outline  of  the 
animal  kingdom,  and  elements  of  medical  zoology  in  each  course 
of  lectures,  giving  in  all  between  the  years  1865  and  1879  thirteen 
courses  of  lectures,  of  thirty-six  lectures  in  each.  I  made  prom- 
inent in  the  lectures  the  features  already  mentioned  —  but  added 
thereto  expositions  of  the  great  generalizations  that  have  been 
from  time  to  time  announced  in  general  anatomy  and  biology. 
Thus  separate  lectures  were  given  upon  the  subjects  of  Bilat- 
eral Symmetry ;  on  the  meaning  of  the  terms  "  generalization  " 
and  "specialization;"  on  Homology ;  on  Evolution.  Attention 
in  addition  was  directed  in  extenso  to  the  tendencies  exhibited  by 

>New  York  Medical  Jonrn.  Oct.  1877. 38,  conclading  paragraph. 

*  Professor  Huxley  in  America.    N.  Y.  Tribune  Extra,  1870,  No.  36,  p.  10. 
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the  hard  tissues  of  animals,  such  as  the  bones  in  vertebrates,  and 
the  axial  rods  in  various  invertebrates,  to  undergo  transverse  seg- 
mentation ;  to  the  tendency  of  portions  of  such  rods  to  be  twisted 
upon  themselves  ;  to  the  causation  of  articulations,  etc.  I  deemed 
it  my  province  to  direct  the  attention  of  medical  students  to 
the  importance  of  these  topics,  and,  with  the  object  of  making 
the  series  of  direct  value  to  them,  drew  my  illustrations,  when- 
ever practicable  from  human  anatomy,  physiology  and  pathology. 

A  separate  group  of  subjects  was  next  treated.  It  em- 
braced the  themes  of  Variation,  Teratology,  Compensation,  etc. 
In  this  group  instances  of  variation  in  the  human  subject  were 
taken  up,  described  and  explained.  The  object  of  this  series  was 
to  awaken  interest  in  the  study  of  variations  of  human  anatomy  as 
met  with  in  the  dissecting  room  or  the  practice  of  medicine,  and  to 
enable  the  medical  man  properly  to  appreciate  and  describe  the 
various  congenital  monstrosities  that  may  come  under  his  notice. 
In  addition  to  these  I  usually  gave  one  lecture  on  the  medico-legal 
value  of  a  knowledge  of  the  skeleton  (pointing  out  the  charac- 
teristics of  the  bones  of  the  different  classes  of  vertebrates  as 
determined  by  the  study  of  fragments  of  bone)  as  well  as  one  on 
medical  credulity.  In  illustration  of  which  subject,  I  pointed  out 
fallacies  in  medical  observation.  Every  physician,  who  has  become 
identified  with  biological  studies,  can  mention  many  instances  in 
which  his  services  as  expert  have  been  requested  upon  subjects  as 
simple  in  their  nature,  as  the  error  in  observation  has  been  gross 
and  mortifying. 

It  will  be  remarked  that  the  medical  emphasis  is  everywhere  in- 
sisted upon  in  a  course  of  lectures  such  as  that  which  has  been 
briefly  outlined.  Would  it  not  be  entirely  improper  to  attempt 
the  delivery  of  such  a  course,  before  classes  of  young  men  in 
the  literary  departments  of  our  colleges?  Doubtless  instruction 
in  comparative  anatomy  as  a  branch  of  general  education,  or  one 
preparatory  to  medicine,  is  of  great  value.  But  I  am  anxious  that 
such  a  course  should  not  be  held  to  be  identical  in  character  with 
the  one  I  have  thus  described.  The  student  who  proposes  to  attend , 
to  the  best  advantage,  a  course  of  such  lectures  should  already 
have  attended  a  general  course  in  biology,  and  have  familiarized 
himself  with  the  rudiments  of  human  anatomy  and  physiology. 
It  has   been   commonly  said   to   me  by  my   students — most  of 
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whom  had  already  studied  two  years — that  the  lectures  were 
difficult  to  follow.  If  it  so  proved  to  advanced  pupils,  it  is  easy  to 
foresee  what  would  be  the  result  of  lecturing  on  such  basis  to 
classes  preparing  themselves  for  matriculation,  or  even  for  studies 
of  the  second  year.  The  explanations  of  the  generalizations 
of  biology,  the  varieties  of  human  anatomy',  the  abnormalities 
of  structure  —  involving  the  most  abstruse  problems  in  biological 
science — cannot  be  essayed  with  advantage  to  other  than  ad- 
vanced students.  I  have  again  and  again  stopped  in  the 
course  of  a  demonstration  and  remarked  that  if  there  were  any 
gentlemen  present  who  felt  themselves  to  be  imperfectly  prepared 
upon  the  human  anatomy  of  the  subject  under  consideration,  such 
had  best  retire  from  the  lecture  room  for  it  would  prove  for  theui 
a  waste  of  time  to  remain.  It  was  my  custom  to  name  at  the 
close  of  each  lecture  the  subject  of  the  next  —  to  invite  special  at- 
tention to  the  points  to  be  therein  treated — and  to  request  my  pu- 
pils to  consult  their  text  books  before  reporting  for  the  lecture. 
By  this  plan  I  was  free  from  the  necessity  of  first  demonstrating 
the  anthroi)omorphic  features  before  taking  up  the  comparative. 

The  conviction  that  remains  after  having  given  much  thought 
to  the  matter  is,  that  the  outline  of  the  structure  of  animals  as 
taught  in  our  colleges  of  general  education,  or,  in  preparation 
for  the  special  medical  course,  does  not  meet  the  end  in  view,  but 
that  a  supplemental  course  should  be  given  after  the  first  or  sec- 
ond session.  If  the  time  of  the  curriculum  does  not  permit  such 
instruction,  one  of  two  ways  is  open  — either  to  make  the  course 
post-graduate  or  to  lengthen  the  session.  This  is  a  matter  of  de- 
tail which  need  not  interfere  with  the  main  point  I  advocate,  i.  €., 
that  the  kind  of  comparative  anatomy  a  student  of  medicine 
needs  cannot  with  advantage  be  offered  him  until  he  is  advanced 
in  his  special  studies. 
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Plan  of  the  Cerebro-Spinal  Nervous  System.^     B}'   S.   V. 
Clevenger,  of  Chicago,  111. 

[AB8TBACT.] 

1.  The  primitive  sense  is  tactile  and  all  senses  have  proceeded 
from  its  differentiation.  For  illustrative  purposes  let  us  consider 
energy  as  divided  into  molecular  vibrations,  from  one  ethereal 
pulsation  in  an  eternit}',  to  an  infinite  number  of  vibrations  in  one 
second.  In  such  an  undulatory  series  we  may  see,  as  a  small 
division  of  it,  all  forces  from  sound  to  gravitation  represented. 
While  the  protozoon  may  be  visibly  affected  by  every  such  undu- 
lation the  homogeneity  of  its  composition  prevents  any  differen- 
tial response ;  for  instance,  the  tremor  of  a  musical  note,  heat, 
light,  electricity,  alike  produce  contractions  or  expansions  (mo- 
tions) of  its  mass.  In  a  higher  form  of  life  nerve  tissue  ap[>ears, 
which  conve3's  only  certain  vibrations  and  rejects  all  others. 
Take  one  undulation  in  a  second  as  the  capacity  of  this  nerve 
fibre.  It  is  a  tactile  nerve.  When  a  nerve-fibre  conveys  more 
rapid  undulations  differentiation  begins.  Sixteen  to  forty  thou- 
sand per  second  begin  and  end  the  auditory  vibrations.  Quicker 
vibrations  to  four  hundred  and  fifty  billion  per  second  we  may 
view  as  heat  appreciation,  thence  to  eight  hundred  billion  from  red 
to  violet  light,  above  this  fluorescent  undulations,  "chemical 
energy,"  electricity',  to  infinity.  We  may  thus  mathematically 
conceive  an  auditory  sense  derived  from  the  general  tactile  or  a 
special  touch  sense  (like  that  of  the  fifth  pair  of  nerves).  An 
optic  sense  would  arise  from  this  same  tactile,  and  we  have  seen 
it  thus  differentiated  embryologically. 

2.  Qualitative  differentiation  of  the  nervous  organization  proceeds 
dorsalli/^  with  a  tendency  toward  the  head  end.  That  portion  of 
the  animal  which  stands  in  most  direct  relation  to  the  changing 
molecular  movements  of  the  environment  develops  the  highest 
sensory  and  motor  nerve-centres  and  projections. 

3.  Repetition  of  parts  of  a  system^  up  to  a  certain  pointy  ceases; 
and  these  ixirts  become  commissurally  united  before  another  system 
is  jierfected. 

The  s^Mnpathetic  nervous  S3'stem,  consisting  of  the  intestinal 

^This  paper  is  printod  iu  full  in  the  Journal  of  Nervous  and  Mental  Disease,  Oct. 
16S0. 
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and  vascular  or  vaso-motor  nerves,  develops  first.  Schenck  and 
Birdsall  (Archives  of  Medicine,  vol.  I,  No.  2),  on  the  Embryogeny 
of  the  Sympathetic,  consider  this  system  as  composed  of  masses 
originating  in  the  central  nervous  system.  This  is  a  truth  from 
one  standpoint,  and  that  a  very  narrow  one.  Blending  the  results 
of  comparative  embryology  and  anatomy,  the  sympathetic  pre- 
cedes the  creation  of  other  systems. 

The  second  system  to  appear  phylogenetically  is  the  spinal, 
equivalent  in  the  invertebrates  to  their  ''cerebral"  ganglia. 

The  third  system  is  the  intervertebral,  the  swellings  upon  the 
posterior  roots  of  the  spinal  nerves. 

4.  The  cerebellum  is  formed  from  fused  hypertrophied  interverte' 
hral  ganglia. 

Many  sensory  cranial  nerves  pass  through  this  organ  and  by  the 
Aision  of  these  originally  separate  centres  coordination  occurs 
necessarily. 

Excessive  development  on  the  one  hand,  or  want  of  devel- 
opment on  the  other,  places  all  the  ganglionai'y  tubercles  and 
lobes  of  the  encephalon  in  the  third  system  category.  Thus  t?ie 
pne-frojital  lobe  of  the  cerelnntm,  the  occipital  and  temporal  lobeSy 
the  olivary  body,  the  olfactory  lobe,  the  mammillary  eminence,  the 
epiphisis  cerebri,  the  tubercula  bigemina,  the  petrosal  and  Gasserian 
ganglia  were  originally  intei'vertebral  ganglia,  and  still  maintain 
resemblance  to  these  ganglia  in  many  particulars. 

5.  The  prce-frontal  lobe  is  the  last  intei^eHebral  ganglion  to  de* 
velop.  It  grows  larger  in  the  scale  of  intelligence  and  presses  the 
occipital  (see  the  brains  of  monotremes  and  marsupials)  backward, 
downwai'd  and  forward,  thus  forming  the  temporal  (or  what  has 
been  erroneously  termed  the  middle)  lobe. 

6.  The  cerebro-spinal  nerves,  in  some  cases,  preserve  their 
original  projections  from  and  to  muscles,  but  these  nerves  may 
also  have  not  only  a  distribution  to  the  viscera,  as  has  the  pneu- 
mogastric,  but  may  also  project  into  and  from  othei'  system-centres. 
The  lateral  columns  of  the  spinal  cord,  the  tegmentum  and  crura 
cerebri  in  their  main  mass  may  thus  be  regarded  as  cerebro-spinal 
nerves  of  the  highest  series,  having  lower  system-centres  for 
peripheries.  The  prae-frontal  lobes  thus  exert  an  inhibitory  con- 
trol over  the  highest  centres,  because  such  centres  are  periphenes 
for  the  nerves  of  these  foremost  ganglia. 
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Evidences  of  the  Effect  of  Chemico-physical  Influences  in 
THE  Evolution  of  Branchiopod  Crustaceans.  Bj^Carl 
F.  Gissler,  of  Brooklyn,  N.  Y. 

DuRiNO  the  winter  months^  Eubranchipua  vemalis  Verrill* 
occurs  near  Maspeth,  Long  Island,  in  immense  numbers  in  large 
communicating  ponds  containing  clear,  yellowish  fresh  water. 
In  January  last  I  found,  in  a  small  and  entirely  isolated  pool,  less 
than  a  hundred  paces  from  the  above  mentioned  place,  a  number 
of  perfectly  colorless,  smaller,  but  sexually  mature  individuals  of 
branchiopod  Crustaceans.  The  bottom  of  the  pool  is  a  white  and 
very  soft  clay  and  the  water  itself  is  of  a  milky  color.  I  collected 
a  number,  and  observed  the  following  characters : 

A.  Very  few  individuals  of  both  sexes  bearing,  with  the  excep- 
tion of  transparent  body,  and  the  red  furca^  of  the  post-abdomen, 
the  same  characters  as  Eubranchipus. 

B.  A  great  number  of  colorless  individuals  from  15  to  22  mm. 
in  length.  These  differ  from  the  larger,  red  Eubranchipus  in  the 
following  particulars:  Cephalic  scute*  large  and  convex.  Basal  ' 
joint  of  male  clasper  cylindrical.  Claspers  crossing  each  other, 
short,  tip  of  second  joint  with  a  blunt,  minute  tooth.  Second 
joint  more  or  less  conical,  tapering.  A  number  of  full-grown 
forms  between  sets  A  and  B  occurred,  evidently  transitory  stages. 

I  expect  soon  to  give  an  account  in  Dr.  Packard's  Monograph  on 
Phyllopod  Crustacea,  of  the  sexual  organs  (to  be  illustrated  by  a 
plate),  copulation  and  the  biology  of  these  colorless  individuals. 

C.  A  single  specimen  of  male  Chirocephalus.* 

D.  A  hermaphrodite.  Sexual  organs  separate,  both  male  and 
female  claspers  present.  ^ 

E.  A  single  male  individual  with  a  minute  tooth  on  the  second 
joint  of  its  right  clasper,*^  tooth  wanting  on  the  left.  Left  clasper 
in  normal  position,  right  clasper  twisted  around,  thus  apparently 

1  From  Janunry  till  April. 

3  *'  Observations  on  Pliyilopod  Crustacea  of  the  family  of  Branchipidae  with  descrip- 
tions of  some  new  genera  and  speclen, "  by  Prof.  A.  E .  Verrill,  18(a». 

'The  normal  red  Eubrnncliipus  has  a  white  furca.  I'ale  specimens  of  StrtpUh 
cephalus  Wat9oni  Pack,  have  alno  a  red  fui*ca. 

*K.  ^pangenberg's  paper  in  Zeitsch.  f.  wiss.  Zool.,  XXV,  Supplero.  1875,  p.  14. 

<*  Proved  to  be  a  very  large  <f  specimen  of  Chirocephalut  Holmani  Ryder.  March  22, 
1881, 1  found  a  large  pond  between  Glendale  and  Kidgewood,  Long  Island,  densely 
populated  with  both  Chirocephalu*  Holmani  Ryder  and  Eubranchipus  venuUit  (normal). 
The  former  is  descril>ed  in  Proceed.  Acad.  Nat.  Sciences  of  Philad.,  1879,  p. '2li0. 

*  I  described  it  in  American  Naturalist,  February,  1881. 

">  The  claspers  are  the  second  pair  of  auteoiMe,  transformed  into  auxiliary  copu- 
lation organs. 
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preventing  the  animal  from  using  it  in  copulation.     The  tootli  is 
probably  a  substitute  for  the  wrongly  placed  hook  and  assumes 
its  function.  This  exemplifies  Dr.  Dohrn's  theory^  of  the  consecu- 
tivenessof  functions  in  one  and  the  same  organ,  brought  about  by 
evolution.     As  to  the  latter  1  refer  to  papers  by  Prof.  Edw.  i>. 
Cope  in  the  American  Naturalist:  ''The  Laws  of  Organic  Devel- 
opment," 1«71,  and  ''A  Review  of  the  Modern  Doc^lrine  of  PIvolu- 
tion,"  1M80.     Dr.  Moritz  Wagner's  migration  theory'^  as  well  as 
Dr.  Chas.  Darwin*s  selection  theory  ^^  may  be  employe<l  to  explain 
the  occurrence  of  the  above-mentioned   sets.  A,  B,  and  [)robably 
C.     First,  I  must  mention  that,  on  keeping  a  number  of  Kubran- 
cbipus,  (J    and    ?     (the   latter  with  ovaries  filled   an<l    oviducts 
empty)  ^^  together  with  a  number  of  sets  A  and   B,  ^  and   9(9 
in  the  same  condition)  during  five  days,  I  could  never  observe  a 
single  case  of  crossing:   on  the  contrary  the  two  (rod  and  white) 
avoided  each  other,  and  only  copulated  among  themselves.     Now, 
as  to  set  A,  I  consider  them  to  be  the  first  generation  of  Eubran- 
chipus,  brought  along  with  nuid  into  the  little  clay  pool,  by  water- 
birds  from  the  neighboring  larger  ponds.     (JSee  Prof.  J.  A.  Ry- 
der's   note' in  Am.  Nat.  XII,  page  703).     The  transparency  of 
their  hollies  was  produced  by  the  chemico-i)hysical  influence'-  of 
the  little  clay  pool  and  not  by  '^Mimicry."     As  the  pool  is  an 
isolated  one,  there  was  no  chance  for  the  absorbing   (or  obliterat- 
ing)   infiuonce  of  crossing  with  the  original   red   Enbranchipus ; 
consequently,  the  olfsi)ring  of  the  new  colorless  race,  infiuenced  by 
diflerent  factors,  was  liable  to  suhmit  to  still    further  evolutionary 
transfornuitions  wliit-h  I  believe   are   realizetl  in  set   B.     The  ani- 
mal    irraduallv  de<irenerated   into  a  much    smaller   one   with    the 
above-mentioned  characters.     The  factor  that  produced  it  was  a 
conservative  one,  favoring  the  preservation  of  this  new  species. ^^ 

«■  "  Dor  UrspniMg  <lor  Wii  bi'llliiorc  und  das  Piinoip  dcs  h  unolions\vecliscl».'*  Gvnc- 
alogi>-cho  skjzzcn  von  Dr.  A.  Dolini,  Is;.'). 

»  •' Dif  D;ii  wiM'sclie  Tlicoric  uinl  tla**  Mi>?rations>;e!?ctz  dor  0» ffaiii'iuoii  "  von  l>r. 
Moritz  WjiKin*'*-  !<'**»•*'•  The  relntalion  nj  Wagner.**  law  of  migration  was  attcnipteil  by 
my  loriner  tutor,  Profe-sor  Dr.  Aug.  Wci-niann  ('•  I'cber  den  Kmtluss  der  Ibolinmg 
auf  die  Artliildui  g"  1^72);  <»wing  to  a  ini>concei»tion  of  Wagner's  i);i|>er  he  conibiuetl 
his  llieory  with  Darwin'-.  .>«*Ie<tion  theory,  wliilhl  Ixdh  theories  <on^ideral»ly  deviate 
IVoni  viwh  other  a>  regards  tiie  conipelling  nuM'iianit.'.tl  ean.-e.  See  alno  Kosiuo.«».  IV, 
April,  ls<.».  "  Ueber  die  Knl-tehnng  tier  Arten  dun;h  Ab^onderung,''  vt»n  Mi»ritz 
Wagner. 

"'•*  On  the  Origin  of  Species  by  Means  of  Natural  Sele<-tion,"  18^9. 

*'  F.  Spangonberg  in  op.  rit.^  pai;es  .'>1  to  .'>(». 

»-  W.  J.  SelnnankewitM'h  in  Zeitsrhr.  fuer  wiss.  Zo<d.,  1S7J.  1^7.'>  and  1877. 

*^  Trofe-'sor  lln.\le\*.'-  "  The  Crayll>h  :  "  •*  In  a  strictly  uiorpiiological  senr^e,  a  specitt 
is  fiimply  nn  A>heiMb]age  of  individuals  whi<'h  agi'ee  with  one  another  and  diflfer  A'om 
Uie  re^t  of  the  living  world  in  the  ^UIu  of  their  morphological  characters.^' 
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Tlie  factor  that  produced  tlie  individual  E  was  a  compelling  me- 
chanical cause,  originating  in  a  pathological  condition.  Accord- 
ing to  Dr.  Chas.  Darwin  the  mechanical  cause  enters  into  activity 
with  the  appearance  of  ''favorably  varying"  individuals  whose  mor- 
phological deviations  are  either  inherited  or  adapted. 

As  to  C,  the  genus  Chirocephalus,  I  have  reason  to  suspect  in  it 
the  winter  form  of  Streptocephalus.  The  successive  appearance  of 
Chirocephalus  and  Streptocephalus  in  one  and  the  same  pond 
near  Woodbur}*,.  N.  J.  (Am.  Nat.  XII,  703,  J.  A.  Ryder),  rather 
strengthens  my  assumption. 

The  hermaphroditic  form  D  shows  characters  closely  relating  it 
to  set  A.  From  the  study  of  comparative  anatomy  it  follows 
that  Ilerujaphroditism,  i.  e.,  the  coexistence  of  both  male  and 
female  sexual  organs  in  one  individual,  is  the  primitive  condition 
of  sexual  differentiation,  which  may  in  time  be  followed  by  a  com- 
plete separation  of  the  sexes.  (See  Dr.  E.  Ilaeckers  Anthropo- 
genic, pp.  395,  C81,  etc).  Hermaphroditism*'*  and  Parthenogene- 
sis *^  can  be  regarded  as  cases  of  Atavism, — as  a  re-occurrence  of 
former  primitive  conditions.  Further  progress  in  ditFcrentiation, 
of  the  sexual  conditions  Ilaickel  ascribes  to  division  of  labor 
(Arbeitstheilung).  The  bilateralism  in  this  hermaphrodite  in- 
dicates close  relationship  and  coordination  between  the  sexual 
organs  antl  auxiliary  copulation  organs. 

According  to  Dr.  Chas.  S.  Minot*s  theory  (Am.  Nat.,  XIV, 
Febr.  18>^0),  it  is  possible  that  a  male  genoblast  was  formed  by 
the  splitting  of  a  neutral  cell  on  one  side,  and  a  female  genoblast 
in  the  same  manner  on  the  other  side,  of  the  post-abdomen  at  au 
early  larval  stage,  and  that  then,  as  the  animal  became  gradu- 
ally more  developed,  the  second  pair  of  antennae  (not  hitherto 
sexually  distinguishable)  transformed  themselves  symmetrically 
in  accordance  with  the  bilateral  position  of  the  genital  glands  and 
their  exits.  Unfortunately  we  are  ignorant  of  the  causes  and 
conditions  which  impel  an  animal,  when  capable  of  producing 
genobliists,  to  become  either  male,  female  or  hermaphrodite. 

"  lli'iniai»hru«liti-in  in  Criistnrcaiis  occurs  uoniially  in  Cirripods  aiul  parasitic 
I^opods.  KxtM-ption^  are  reconled  (ri)  ni  the  European  lobster,  by  F.  Nicliolls,  Phil. 
Trans.  U<»y;il  Suriely,  vol.  3<;,  p.  "JtO.  J730.  {h)  In  frcoliving  L>-opoiU  of  the  genera 
Ciroliiua  aixl  ('i>iitlern,  by  Paul  Meyer,  MilthoilunKCu  aus  der  zoologiarlien  Stalion  ku 
Neapel.  Taf.  V  :  r(*ber  den  llerniaphrodiliHunu  bei  cinigen  Itsopudcn.  pp.  UMi  to  179. 
Is'TS.  (t*}  lu  rtrrtain  water-tleap,  Dnphuin  pulex.  I).  SchaffeHs  Alona  qu(ulranyulnri$^  by 
Wilhelui  Kurz,  4!>  Hd.  .Sitzung^berichte  der  k.  Akadeniie  der  \Vi*s5. 1.  Ablheiluiig.  1874: 
LTeber  androgyne  Mi^6bildungen  bei  Cladocereu. 

"  Co:  Bull  I  rof.  Dr.  C.  T.  v.  Siebold'B  "  Parthenogeuese  der  Arthropodtn,"  1871. 


560  COLOR-BLINDNESS ; 

On  Color-Blindness.     By  B.  Jot  Jeffries,  of  Boston,  Moss. 

[ABSTRACT.] 

Dr.  Jeffries  first  described  tlie  natural  condition  of  the  color 
sense,  and  illustrated  some  of  its  peculiarities  as  related  to  color- 
blindness.    The  complementary  after-image   of   a  color  can   be 
readily  seen  by  gazing  at  the  red  setting  sun,  when,  if  we  turn  our 
eyes  to  the  cast,  we  siiall  see  a  green  rising  one.     Looking  steadily 
at  a  yellow  spot  on  white,  and  turning  away,  we  see  a  blue  one, 
etc.     After   looking  intently   at  a  red   or  green   liglit   as  used 
for  instance  on  railroads  and  on  vessels,  one  cannot  help  mo- 
mentarily seeing  the   reverse  color.      The   centre  of  the  retina 
has  the   greatest  power  of  form-perception ;   we    must    fix  our 
eye  steadily   to   see   anything  very  distinctly.      The  same  with 
color.      All   colors  fade  in   intensity  outward   from   the   centre 
of  the  retina.     In  a  central  zone  we   can   distinguish   all  three 
of  the   colors   now   considered   primary,    viz. :    red,    green    and 
violet.     In  a  zone  outside  of  this  our  red  perception   fails,  and 
in  tlie  outer  portions  still  of  the  retina  green  fails,  and  we  see  blue 
or  violet  only.    Now  we  have  red,  green  and  violet  blindness,  resem- 
bling, so  to  speak,  the  conditions  of  these  zones.     This  must  not, 
however,  be  too  strictly  construed.     Color-blindness  may  be  best 
described  thus :     Those  who  arc  red,  or  green  (one  involving  the 
other),  or  violet  blind  see  all  objects  having  these  colors  as  gray 
or  grayish,  in  the  proportion  in  which  they  are  color-blind  and  the 
depth  of  the  pigment.     A  color  mixed  with  their  faulty  one  will 
be,  so  to  speak,  muddy.     Many  thousands  of  examinations  have 
been   made  all  over    the   world,   with    the    same   result  as   bis 
own.     He   has   tested    17,695   males,  finding   739  color-blind  in 
greater  or  lesser  degree,  viz.,  about  4  per  cent.     With  females  it 
is  very  rare,  which,  however,  their  familiarity  with  the  colors  does 
not  account  for.     He  tested  13,893  females,  finding  only  ten  color- 
blind.    Age,  race,  color,  education,  condition  of  civilization,  all 
seem  to  have  no  effect,  as  tests  have  been  now  made  from  the 
north  pole  to  the  equator,  and  throughout  Europe  and  America. 
It  is  congenital,  largel}'  hereditary  and  handed  down  through  the 
females,  though  they  escape  it.     It  may  be  artificially  produced 
by  putting  a  person  in  a  cataleptic  or  hypnotic  state ;  also  those 
color-blind  who  can  be  put  in  this  state  are  temporarily  relieved 
of  their  defect.     It  is  incurable  by  any  known  means.     It  may  be 
caused  by  tobacco  and  alcohol  poisoning,  by  injuries  affecting  the 
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lioafl  and  by  disease.  It  is  a  sj'mptom  of  some  brain  disease  of 
constitutional  origin. 

It  can  be  helped  or  palliated  by  gaslight,  when  the  color-blind 
see  better,  or  b}'  looking  through  pale  lemon-colored  glass  like  gas 
light,  or  by  looking  through  a  solution  of  the  aniline  dye  called 
fuchsine.  All  this  does  not  cure,  but  simply  changes  the  relations 
of  light  and  shade  for  the  color-blind^  by  which  alone  the}'  distin- 
guish their  faulty  colors.  Dr.  Jeffries  briefly  described  how  diffi* 
cult  it  was  formerly  to  detect  the  color-blind,  and  referred  to  his 
manual  on  color-blindness  in  explanation  of  how  they  escaped* 
Thanks  to  recent  observers  and  workers  in  the  field  we  now  have 
methods  so  simple,  as  to  be  readily  and  quickl}'  carried  oat  by 
competent  experts. 

These  facts  have  led  the  United  States  government  to  undertake 
its  control  in  the  army,  navy,  and  marine  hospital  service  so  far  as 
this  latter  affects  pilots.  Physical  examination  of  seamen  is  not 
yet  compulsory.  Its  great  value  to  the  sailor  was  particularly 
explained.  Standard  tests  and  standani  powers  of  sight  and 
color  perceptions  are  not  yet  determined  by  the  United  States. 
An  international  commission  to  determine  these  has  been  proposed 
in  a  bill  now  before  Congress,  lie  explained  the  future  value 
of  such  a  commission,  and  urged  his  audience  to  assist  in  having 
this  carried  out. 

As  to  the  railroads  of  the  countr}'.  Dr.  Jeflries  quoted  from  his 
book,  now  an  United  States  manual:  "The  difficulties  are  very 
great.  Here  the  interests  and  the  safety  of  the  community  have 
to  contend  with  ignorance,  prejudice,  pecuniary  considerations 
and  incredulity  born  of  supposed  immunity  from  danger."  This 
has  proved  most  true,  and  even  at  this  date,  three  years  and  a 
lialf  since  he  called  public  attention  to  the  dangers  from  color- 
blindness, but  one  state,  Connecticut,  has  passed  laws  controlling 
color-blindness  and  visual  defects  among  railroad  employes.  And 
yet  in  that  state  most  violent  attempts  have  been  made  to  prevent 
the  action  of  the  law  in  protecting  the  communityj  even  politics 
being  introduced. 

The  i)ra(tical  tests,  approved  of  over  the  world  and  recom- 
mended at  the  international  medical  congress  at  Amsterdam, 
Sei)teniber,  l«s7i),  and  directed  by  the  Connecticut  board  of  health 
in  charge  of  the  control,  were  then  thoroughly  shown  and  exi)lained. 
Practical  illustration  was  also  given  the  audience  by  a  color-blind 
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gentleman  who  kindly  consented  to  exhibit  his  infiiinit}'  in  the 
cause  of  science.  These  tests  were  Holmgren's  with  the  eoloreil 
worsteds  (used  by  Dr.  Jelfries  in  onr  public  schools  and  the  Asso- 
ciation), Bonders  and  Dnae's  modification  of  this  method,  Stilling's 
pseudochromatic  cards,  Woinow's  disk,  Pfliiger's  letters,  and  fi- 
nally Donder's  metiiod  with  reflected  lijjfht  and  transmitted  lisht, 
and  Holmgren's  with  colored  shadows,  —  these  last  two  being  for 
the  purpose  of  determining  the  quantitative  color-sense,  so  neces- 
sary in  deciding  the  fate  of  a  railroad  emj)loye  or  pilot.  The 
simple,  practical  use  of  these  methods  in  the  hands  of  competent 
experts  was  shown  and  proved  in  the  testing  thereby  the  color- 
blind present.  Dr.  Jeflries  explained  in  detail  how  theoretical 
was  the  attempt  to  decide  the  color-sense  b}-  lanterns  and  flags 
used  on  land  or  sea,  and  how  readily  mistakes  would  thus  be  made. 
The  worsted  test  can,  by  competent  experts,  be  quickly  made  in 
the  paymaster's  car,  for  instance,  whereby'  no  man  is  taken  from 
his  duty.  The  color-blind  can  thus  be  sorted  out  and  subse<pient- 
ly  ret'xamined  with  these  additional  tests  as  a  means  of  control, 
and  to  exhibit  their  precise  defect  to  those  in  authority.  During 
and  after  the  reading  of  the  paper,  color-blind  gentlemen  present 
were  exhibited,  to  tlieir  astonishment  and  the  bystanders.  Ail 
present  were  asked,  if  convinced  by  what  was  shown  of  the 
danger,  to  exert  tlieir  inlluence  in  the  cause  of  control  of  color- 
blindness. Dr.  JetlVies  stated  in  conclusion  that  he  had  hoped  to 
be  able  to  touch  upon  the  most  interostijig  point  of  the  devel- 
opment of  the  color-sense  and  the  education  of  our  color-per- 
ception. He  was,  however,  only  able  to  refer  briefly  to  the 
work  going  on  of  the  study  of  color  developujcnt,  and  particularly 
the  contributions  to  it  b^-  his  friend  Dr.  Hugo  Magnus  of  Breslau. 
Dr.  JetlVies'  work  in' testing  all  the  Boston  school  children  showed, 
as  has  the  same  elsewhere,  the  great  ignorance  on  the  part  of  males 
of  color  names,  all  aside  from  color-bliudness.  He  exhibited  Dr. 
Mngnus's  color-chart  for  teaching  children  colors  and  their  names, 
which  received  a  diploma  of  honor  from  the  International  Medical 
Society  at  Amsterdam.  The  use  of  this  he  exi)iained,  and  said 
he  was  engaged  witli  Mr.  Prang  in  its  introduction  into  this 
country  among  our  schools,  both  private  and  public.  The  great  pur- 
pose of  this  special  work  being  the  teaching  the  child  to  associate 
with  the  word  the  color  and  the  color  sense,  as  well  as  the  mere 
color  names.  If  generations  of  teaching  females  colors  has  elim- 
inated color-blindness  from  that  sex,  then  may  it  not  from  the 
male  ? 
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The  First  Decade  of  the  United   States  Fish  Commission  r 

ITS    PLAN     OF    work    AND     ACCOMPLISHED   RESULTS,   SCIENTIFIC 

AND  ECONOMICAL.  By  G.  Brown  Goode,  of  Washington,  D.  C 

There  are  nine  departments  of  the  government  devoted,  in  part 
or  wholly,  to  researches  in  pure  and  applied  science  —  the  Geo- 
logical Survey  ;  the  Coast  and  Geodetic  Survey  ;  the  Naval  Obser- 
vatory ;  the  National  Museum  ;  the  Department  of  Agriculture ; 
the  Entomological  commission  ;  the  Tenth  Census,  with  its  special 
agencies  for  the  study  of  the  natural  resources  of  the  country  ;  the 
Smithsonian  Bureau  of  Kthnologv,  and  the  Commission  of  Fish 
and  Fisheries.  The  Smithsonian  Institution,  established  upon  an 
independent  foundation,  should  also  be  mentioned,  as  well  as  the 
Medical  Museum  of  the  army,  and  the  various  laboratories  under 
the  control  of  the  Army  and  Nav}'  Departments. 

The  Geological  Survey  is  not  now  carrying  on  any  of  the 
schemes  of  zoological  and  botanical  investigation  engaged  in  by 
its  predecessors. 

The  work  of  the  Entomological  Commission  and  that  of  the 
census,  though  of  extreme  importance,  are  limited  in  scope  and 
duration,  while  that  of  the  Agricultural  Department  is  necessarily, 
for  the  most  part,  economical. 

The  work  of  the  National  Museum  is  chiefly  confined  to  the 
study  of  collections  made  by  government  survey's  or  individual 
collectors  and  sent  in  to  bo  reported  upon. 

The  work  of  the  Fish  Commission,  in  one  of  its  aspects,  may 
perhaps  be  regarded  as  the  most  prominent  of  the  present  efforts 
of  the  government  in  aid  of  aggressive  biological  research. 

On  the  9th  of  February,  1874,  Congress  passed  a  joint  resolu- 
tion which  authorized  the  appointment  of  a  Commissioner  of  Fish 
and  Fisheries.  The  duties  of  the  Commissioner  were  thus  defined  : 
'^To  prosecute  investigations  on  the  subject  (of  the  diminution  of 
valuable  fishes)  with  the  view  of  ascertaining  whether  any  and 
what  diminution  in  the  number  of  the  food-fishes  of  the  coast  and 
the  lakes  of  the  United  States  has  taken  place  ;  and,  if  so,  to  what 
causes  the  same  is  due  ;  and  also  whether  any  and  what  protective, 
prohibitory  or  precautionary  measures  should  be  adopted  in  the 
premises,  and  to  report  upon  the  same  to  Congress." 

The  resolution  establishing  the  olllce  of  Commissioner  of  Fisher- 
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ies  required  that  the  person  to  be  appointed  should  be  a  civil  officer 
of  the  Government,  of  proved  scientific  and  practical  acquaintance 
with  the  fishes  of  the  coast,  to  serve  without  additional  salary.  The 
choice  was  thus  practically  limited  to  a  single  man  for  whom,  in 
fact,  the  office  had  been  created.  Prof.  Baird,  at  that  time  As- 
sistant Secretary  of  the  Smithsonian  Institution,  was  appointed 
and  entered  at  once  upon  his  duties. 

The  summer  of  1880  marks  the  tenth  season  of  active  work  since 
its  inception  in  1871.  The  P^ish  Commission  now  fills  a  place  ten- 
fold more  extensive  and  uselul  than  at  first.  The  present  essay 
aims  to  show,  in  a  general  way,  what  it  has  done,  is  doing,  and  ex- 
pects to  do  —  its  purposes,  its  methods,  its  results. 

The  work  is  naturally  divided  into  three  sections:  — 

1.  The  systematic  investigation  of  the  waters  of  the  United 
States  and  the  biological  and  physical  problems  which  they  present. 
The  scientific  studies  of  the  Commission  are  based  upon  a  liberal 
and  philosophical  interpretation  of  the  law.  In  making  his  original 
plans  the  Commissioner  insisted  that  to  study  only  the  food-fishes 
would  be  of  little  importance,  and  that  useful  conclusions  must 
aieeds  rest  upon  a  broad  foundation  of  investigations  purely  scien- 
tific in  character.  The  life  history- of  species  of  economic  value 
should  be  understood  from  beginning  to  end,  but  no  less  requisite 
is  it  to  know  the  histories  of  the  animals  and  plants  upon  which 
they  feed  or  upon  which  their  food  is  nourished  ;  the  histories  of 
their  enemies  and  friends,  and  the  friends  and  foes  of  their 
enemies  and  friends  as  well  as  the  currents,  temperatures  and 
other  physical  phenomena  of  the  waters  in  relation  to  migration, 
reproduction  and  growth.  A  necessary  accompaniment  to  this 
division  is  the  amassing  of  material  for  research  to  be  stored  in 
the  National  and  other  museums  for  future  use. 

2.  The  investigation  of  the  methods  of  fisheries,  past  and 
present,  and  the  statistics  of  production  and  commerce  of  fishery 
products.  Man  being  one  of  the  chief  destroyers  of  fish,  his 
influence  upon  their  abundance  must  be  studied.  Fisher}'  methods 
and  api)aratus  must  be  examined  and  compared  with  those  of 
other  lands,  that  the  use  of  those  which  threaten  the  destruction 
of  useful  fishes  may  be  discouraged,  and  that  those  which  are 
ineflTicient  may  be  replaced  by  others  more  serviceable.  Statistics 
of  industry  and  trade  must  be  secured  for  the  use  of  Congress  in 
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making  treaties  or  imposing  tariffs,  to  show  to  producers  the  best 
maricets,  and  to  consumers  where  and  with  what  their  needs  may 
be  supplied. 

3.  The  introduction  and  multiplication  of  useful  food  fishes 
throughout  the  country,  especially  in  waters  under  the  jurisdiction 
of  the  general  government,  or  those  common  to  several  states, 
none  of  which  might  feel  willing  to  make  expenditures  for  the  ben- 
efit of  the  others.  This  work,  which  was  not  contemplated  when 
the  Commission  was  established,  was  first  undertaken  at  the  in- 
stance of  the  American  Fish  Cultural  Association,  whose  repre- 
sentatives induced  Congress  to  make  a  special  appropriation  for 
the  purpose.  This  appropriation  has  since  been  renewed  every 
year  on  a  more  bountiful  scale,  and  the  propagation  of  fish  is  at 
present  by  far  the  most  extensive  branch  of  the  work  of  the 
Commission,  both  in  respect  to  number  of  men  employed  and 
quantity  of  money  expended. 

Although  activity  in  this  direction  may  be  regarded  in  the  light 
of  applied  rather  than  pure  scientific  work,  it  is  particularly  im- 
portant to  the  biologist,  since  it  aflbrds  opportunities  for  investi- 
gating many  new  problems  in  physiology  and  embryology. 

The  origin  of  the  Commission,  its  purposes,  and  methods  of 
organization,  having  been  described,  it  now  remains  to  review  the 
accomplished  results  of  its  work.  In  many  departments,  espe- 
cially that  of  direct  research,  most  efficient  services  have  been 
rendered  by  volunteers ;  in  fact,  a  large  share  of  what  has  been 
accomplished  in  biological  and  physical  exploration  is  the  result 
of  unpaid  labor  on  the  part  of  some  of  the  most  skilful  American 
specialists.  Although  it  would  be  interesting  to  review  the  pe- 
culiar features  of  the  work  of  each  investigator,  the  limits  of  this 
paper  will  not  allow  me  even  to  mention  them  all  by  name. 

Since  the  important  fisheries  centre  in  New  England,  the  coast 
of  this  district  has  been  the  seat  of  the  most  active  operations  in 
marine  research.  For  ten  years,  the  Commissioner,  with  a  party 
of  specialists,  has  devoted  the  summer  season  to  work  at  the  shore, 
at  various  stations  along  the  coast,  from  Connecticut  to  Nova 
Scotia. 

A  suitable  place  having  been  selected,  a  temporary  laboratory 
is  fitted  up  with  the  necessary  appliances  for  collection  and  study. 
In  this  are  placed  from  ten  to  twenty  tables,  each  occupied  by  an 
investigator,  either  an  officer  of  the  Commission,  or  a  volunteer. 
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From  lft78  to  1879,  important  aid  was  rendered  by  the  Secretary 
of  the  Navy,  who  detailed  for  this  service  a  steamer  to  be  used  in 
dredging  and  trawling,  and  this  year  the  steamer  built  expressly 
for  the  Commission  is  employed  in  the  same  manner.^ 

The  regular  routine  of  operations  at  a  summer  station  includes 
all  the  various  forms  of  activity  known  to  naturalists — collecting 
along  the  shore,  seining  upon  the  beaches,  setting  traps  for  animals 
not  otherwise  to  be  obtained,  and  scraping  with  dredge  and  trawl 
the  bottom  of  the  sea,  at  depths  as  great  as  can  be  reached  h^''  a 
steamer  in  a  trip  of  three  days.  In  the  laboratory  are  carried  on 
the  usual  structural  and  systematic  studies ;  the  preparation  of 
museum  specimens  and  of  reports.  Since  the  organization  of  the 
Commission,  the  deep  sea  work  and  the  investigation  of  inverte- 
brate animals  has  been  under  the  charge  of  Prof.  Verrill  who  had, 
for  many  years  before  the  Commission  was  established,  been 
studying  independentl3*  the  invertebrate  faium  of  New  England. 

In  addition  to  what  has  been  done  at  the  summer  station,  more 
or  less  exhaustive  investigations  have  been  carried  on  by  smaller 
parties  on  many  parts  of  the  coast  and  interior  waters.  The  fauna 
of  the  Grand  Banks,  and  other  off-shore  fishing  grounds,  has  been 
partly  explored.  In  1872,  1873  and  1874  dredging  was  carried  on 
from  the  coast  survey  steamer  Bache,  by  Professor  Packard  and 
Mr.  Cooke,  Professor  Smith,  Mr.  I  larger  and  Mr.  Rathbun.  In 
1879  Mr.  11.  L.  Osborne  spent  three  months  in  a  cod-schooner  col- 
lecting material  on  the  Grand  Banks,  and  Mr.  N.  P.  Scudder  as 
long  a  time  on  the  halibut  grounds  of  Davis'  Straits. 

A  most  remarkable  series  of  contributions  have  been  received 
from  the  fishermen  of  Cape  Ann.  When  the  Fish  Commission  had 
its  liead(juarters  at  Gloucester,  in  1878,  a  general  interest  in  the 
zoological  work  sprang  up  among  the  crews  of  the  fishing  vessels, 

>Tho  inunber  of  dredging  nnd  trawling  stations  on  record  is  as  follon's:— 

1871.  Woo«r8  H(»n 34.1 

1H7>.  Ettstport,  200  by  hand,  35  by  Ptcainer  .        .        .  2.'i5 

].'^73.  Portland 141) 

1574.  Noank 223 

1575.  Wood's  Holl UK) 

1K77.  Salem 


Halifax 
1HT8.  Gloucester 
1879.  Provincetown 


378 


ToUl 1,500 

The  number  of  seine  hauls  is  about  600. 
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and  since  that  time  they  have  been  v^'ing  with  each  other  in  efforts 
to  find  new  animals.  Their  activity  has  been  stimulated  b\'  the 
publication  of  lists  of  their  donations  in  the  local  papers,  and  the 
number  of  separate  lots  of  specimens  received,  to  the  present  time, 
exceeds  eight  hundred.  Many  of  these  lots  are  large,  consisting 
of  collecting-tanks  full  of  alcoholic  specimens.  At  least  thirty 
fishing  vessels  now  carry  collecting-tanks  on  every  trip,  and  many 
of  the  fishermen,  with  characteristic  sui)erstition,  have  the  idea 
that  it  insures  good  luck  to  have  a  tank  on  board,  and  will  not  go 
to  sea  without  one.  The  number  of  specimens  acquired  in  this 
manner  is  at  least  fifty  or  sixty  thousand,  most  of  them  belonging 
to  species  unattainable.  Each  halibut  vessel  sets,  twice  dail}'', 
lines  from  ten  to  fourteen  miles  in  length,  with  hooks  upon  them 
six  feet  apart,  in  water  twelve  hundred  to  eighteen  hundred  feet  in 
depth,  and  the  quantity  of  living  forms  brought  up  in  this  manner, 
and  which  had  never  hitherto  been  saved,  is  very  astonishing. 
Over  thirt}^  si)ecies  of  fishes  have  thus  been  added  to  the  fauna  of 
North  America,  and  Professor  Verrill  informs  me  that  the  num- 
ber of  new  and  extra  limital  forms  thus  placed  upon  the  list  of  in- 
vertebrates cannot  Ije  less  than  fifty. 

A  permanent  collector,  Mr.  Vinal  N.  Edwards,  has  been  era- 
ployed  at  Wood's  IIoU  and  vicinity  since  1871,  and  many  remark- 
able forms  have  also  been  discovered  by  him. 

No  dredging  has  yet  been  attempted  by  the  Commission  south 
of  Long  Island,  though  much  has  been  done  in  shore  work,  espec- 
ially among  the  fishes,  b}'  special  agents  and  friends  of  the  Com- 
mission, and  by  the  parties  stationed  here  and  there  in  the  work 
of  fish-culture.  Mr.  E.  G.  Blackford,  of  Fulton  Market,  New 
York,  by  carefully  watching  the  market  slabs,  has  added  at  least 
ten  species  of  fishes  to  the  fauna  of  the  United  States.  Mr.  F. 
Mather  is  studying  the  fish  of  Long  Island  and  the  Sound.  Dr. 
Yarrow,  Mr.  Earll,  and  others,  have  collected  from  Cape  May  to 
Ke}'  West.  The  Gulf  States'  coast  was  explored  last  winter  by  a 
partN'  conducted  b}^  Mr.  Silas  Stearns,  who  spent  nine  months  in 
stu<lying  the  food  and  the  census.  The  entire  Pacific  Coast  has 
been  scoured  by  Professor  Jordan  for  the  Commission  and  the  cen- 
sus, and  tlie  ichthyology  of  that  region  has  been  enriched  by  the 
discoverj-^  of  sixty  species  new  to  the  fauna,  forty  of  them  being 
new  to  science.  A  similar  investigation  on  the  great  lakes  has 
been  carried  over  a  period  of  several  years  by  Mr.  Milner  and  Mr. 
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Kuralien.  The  ichtliyology  of  the  rivers  of  the  conntry  has  re- 
ceived much  attention  from  the  many  experts  employeci  by  the 
Commission  in  fisheiiltural  work. 

In  addition  to  these  local  studies  may  be  mentioned  the  general 
explorations  sucli  as  are  now  being  carried  on  for  the  03'ster, 
by  Mr.  Ernest  lugersoll  and  Mr.  John  F.  Ryder,  for  the  shad  by 
Col.  Mc  Donald,  for  the  smelt  and  the  Atlantic  salmon  by  Mr.  C. 
G.  Atkins,  and  the  Quinnat  salmon  b}'  Mr.  Livingston  Stone. 

A  partial  indication  of  what  has  been  accomplished  may  be 
found  in  the  number  of  species  added  to  the  various  faunal  lists. 
Take,  for  instance,  the  cephalojXKl  moUusks  of  New  Englaml.  In 
Professor  Vernirs  recently  published  monographs,  twenty  species 
are  mentioned,  thirteen  of  which  are  new  to  science.  Ten  years 
ago  only  three  were  known. 

I  am  indebted  to  Professor  Verrill  for  the  following  estimate 
of  the  number  of  si>ecies  added  within  the  past  ten  years  to 
the  fauna  of  New  England,  mainly  by  the  agency  of  the  Cora- 
mission  : — 

Tormerly  Knowu.       AdilUions.       Now  Known. 

Crnstacrea 105  11«  21W 

Pycnogoiikla 5  10  15 

AniiclwiA 07  3.-i8  S4» 

Vermes 3fl  lOO  139 

MoIluKca 317  109  im 

Echinodermata 47  41  88 

AnUiozoa 20  35  55 

Tunicatu 20  25  ft! 

PolyzoH 5(5  M  147 

Brnchiopoila       ........  5  0  5 

Sponpes 10  SO  JK) 

Acalepbx 102  78  180 

800  1,000  l.tW 

It  is  but  just  to  say  that  many  of  these  species  were  obtained 
by  Professor  Verrill  in  the  course  of  his  independent  explorations 
in  Maine  and  Connecticut  previous  to  1871.- 

A  similar  estimate  for  the  fishes  indicates  the  discoverv  of  at 
least  one  hundred  species  on  the  eastern  Atlantic  coast  within  ten 
years;  half  of  these  are  new  to  science.  Forty  species  have  been 
added  to  the  fauna  north  of  Cape  Cod  ;  sixteen  of  these  are  new 
and  have  been  found  within  three  yoars  ;  seventeen  have  been  de- 
scribed as  new  from  the  Gulf  of  Mexico;  sixt}',  and  more,  have 

^  A  fi'\r  days  afler  tlu»  reading  of  this  paper  a  new  fauna  was  iliecoveretl  about  one 
hundred  miles  ^outheaet  uf  Xcwi>ort,  and  several  hundred  numbers  might  now  be 
added  to  this  eninneration. 
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been  added  upon  the  West  coast.  The  results  of  the  summers* 
campaigns  are  worked  in  winter  by  the  specialists  of  the  National 
Museum,  and  under  the  direction  of  Professor  Verrill,  in  New 
Haven. 

One  of  the  important  features  of  the  work  is  the  preparation  of 
life  histories  of  the  useful  marine  animals  of  the  country,  and  great 
quantities  of  material  have  been  accumulated  relating  to  almost 
every  species.  A  portion  of  this  has  been  published,  more  or 
less  complete  biographical  monographs  having  been  printed  on  the 
bluetish,  the  scup,  tlie  menhaden,  the  salmon  and  the  whitefish, 
and  others  are  nearly  ready. 

Another  monograph  which  may  be  referred  to  in  this  connection 
is  tliat  of  Mr.  Starbuck  on  the  whale  fishery,  giving  its  history 
from  the  earliest  settlement  of  North  America. 

The  temperature  of  the  water,  in  its  relation  to  the  movements 
of  fish,  has  from  the  first  received  special  attention.  Observations 
are  made  regularly  during  the  summer  work,  and  at  the  various 
hatching  stations.  At  the  instance  of  the  Commissioner,  an  exten- 
sive series  of  observations  have  for  several  years  been  made  under 
the  direction  of  the  chief  signal  ofHcer  of  the  army,  at  lighthouses, 
lightships,  life-saving  and  signal  stations,  carefully  chosen,  along 
the  whole  coast.  This  year  thirty  or  more  fishing  schooners  and 
steamers  are  carrying  thermometers  to  record  temperatures  upon 
the  fishing  grounds,  a  journal  of  the  movements  of  the  fish  being 
kept  at  the  same  time.  One  practical  result  of  the  study  of  these 
observations  has  been  the  demonstration  of  the  cause  of  the  fail- 
ure of  the  menhaden  fisheries  on  the  coast  of  Maine  in  1879  —  a 
failure  on  account  of  which  nearly  2,000  persons  were  thrown  out 
of  employment. 

Another  important  scries  of  investigations  carried  on  by  Com- 
mander Beardsley,  of  the  navy,  shows  the  error  of  the  ordinary 
manner  of  using  the  Casella  Miller  deep-sea  thermometer;  still 
another  series  made  by  Dr.  Kidder,  of  the  navy,  and  to  be  carried 
out  in  future,  had  for  its  object  the  determination  of  the  temperar 
ture  of  the  blood  of  marine  animals. 

Observations  have  also  been  made  by  Mr.  Milner  upon  the 
influence  of  a  change  from  sea  water  into  fresh  water  and  from 
fresh  water  into  sea  water  upon  the  young  of  ditferent  fishes. 

Mr.  II.  J.  Rice  carried  on  series  of  studies  upon  the  cflTect  of 
cold  in  retarding  the  development  of  incubating  fish  eggs. 
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A  scries  of  analyses  have  been  made  by  Professor  Atwater  to 
determine  the  chemical  composition  and  nutritive  value  of  fish  as 
compared  with  other  articles  of  food.  This  investigation  is  still 
in  progress. 

In  connection  with  the  work  of  fish  culture  much  attention  has 
been  paid  to  embryology.  The  breeding  times  and  habits  of 
nearly  all  of  our  fishes  have  been  studied,  and  their  relations  to 
water  temperatures.  The  embryological  history  of  a  number  of 
species,  such  as  the  cod,  shad,  alewife,  salmon,  smelt,  Spanish 
mackerel,  striped  bass,  white  perch,  and  the  oyster,  have  been  ob- 
tained under  the  auspices  of  the  Commission,  by  Messrs.  Brooks, 
Ryder,  Schaeffer,  Rice,  and  others. 

The  introduction  of  new  species,  in  water  in  which  they  were 
previously  unknown,  is  of  special  interest  to  the  student  of  geo- 
graphical distribution.  Through  the  agency  of  the  Commission 
the  German  carp  has  already  been  placed  in  nearly  every  State 
and  Territory,  although  the  work  of  distribution  has  only  just 
begun,  and  the  tench  (Tinea  vulgaris),  and  the  golden  orfe  {Idns 
melanotus)^  have  been  acclimated  ;  the  shad  has  been  successfully 
planted  in  the  Mississippi  valley  and  on  the  coast  of  California,  and 
the  California  salmon  in  the  rivers  of  the  Atlantic  slope.  •  The  ma- 
rcena,  or  lake  whitefish,  of  Europe,  has  been  introduced  into  a  lake  of 
Wisconsin.  It  is  not  my  purpose  to  speak  of  the  great  success  in 
restocking  with  shad  and  salmon  several  rivers  in  which  the  supply 
was  almost  exhausted,  and  in  planting  the  Schoodic  salmon  in 
numerous  lakes.  By  an  act  of  international  courtesy,  California 
salmon  have  been  successfull}-  introduced  into  New  Zealand  and 
Germany.  The  propagation  work  has  increased  in  importance 
from  3'ear  to  3'ear,  as  may  be  seen  by  the  constant  increase  in  the 
amount  of  the  annual  appropriation.  A  review  of  the  results  of 
the  labors  of  the  coipmission,  in  increasing  the  food  supply  of  the 
country,  may  be  found  in  the  annual  reports ;  the  rude  appliances 
of  fish  culture  in  use  ten  yoixYS  ago  have  given  way  to  scientifically 
devised  apparatus,  by  which  millions  of  eggs  are  hatched  where 
thousands  were,  and  the  demonstration  of  the  possibility  of  stock- 
ing rivers  and  lakes  to  any  desired  extent  has  been  gi'eatly 
strengthened.  This  work  was  for  six  vears  most  eflflcientlv  di- 
rected  by  the  late  Mr.  James  W.  Milner,  and  is  now  in  charge  of 
Maj.  T.  B.  Ferguson,  also  commissioner  for  the  State  of  Mary- 
laud,  by  whom  has  been  devised  the  machinery  for  propagation  on 
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a  gigantic  scale,  by  the  aid  of  steam,  which  is  now  so  successfully 
in  use,  revoUitionizing  the  art  of  fish  culture. 

The  investigation  of  the  statistics  and  history  of  the  fisheries 
has  perhaps  assumed  greater  proportions  than  was  at  first  contem- 
plated. One  of  the  immediate  causes  of  the  establishment  of  the 
Commission  was  the  dissension  between  the  line  and  net  fishermen 
of  southern  New  England  with  reference  to  laws  for  tlie  protection 
of  the  deteriorating  fisheries  of  that  region.  The  first  work  of 
Prof.  Baird,  as  Commissioner,  was  to  investigate  the  causes  of 
this  deterioration,  and  the  report  of  that  year's  work  includes 
much  statistical  material.  In  the  same  year  a  zoological  and 
statistical  survey'  of  the  great  lakes  was  accomplished,  and  various 
circulars  were  sent  out  in  contemplation  of  the  preparation  of 
monographic  reports  upon  the  special  branches  of  the  fisheries, 
some  of  which  have  already  been  published. 

In  1877,  the  Commissioner  and  his  staff  were  summoned  to 
Halifax  to  serve  as  witnesses  and  experts  before  the  Halifax 
Fishery  Commission,  then  charged  with  the  settlement  of  the 
amount  of  compensation  to  be  paid  by  the  United  States  for  the 
privilege  of  participating  in  the  fisheries  of  the  Provinces.  The 
information  at  that  time  available  concerning  the  fisheries  was 
found  to  be  so  slight  and  imperfect  that  a  plan  for  systematic 
investigation  of  the  subject  was  arranged  and  partially  undertaken. 
The  work  was  carried  on  for  two  seasons  with  some  financial  aid 
from  the  Department  of  State.  In  1879  an  arrangement  was 
made  with  the  Superintendent  of  the  Tenth  Census,  who  agreed 
to  bear  a  part  of  the  expense  of  carrying  out  the  scheme  in  full. 
Some  thirty  trained  experts  are  now  engaged  in  the  preparation  of 
a  statistical  report  on  the  present  state  and  the  past  history 
of  the  fisheries  of  the  United  States.  This  will  be  finished  next 
year,  but  the  subject  will  hereafter  be  continued  in  monographs 
upon  separate  branches  of  the  fisheries,  such  as  the  halibut 
fishery,  the  mackerel  fishery,  the  shad  fisheiy,  the  cod  fishery, 
the  herring  fishery,  the  smelt  fishery  and  various  others  of  less 
importance. 

llnndreds,  and  even  thousands,  of  specimens  of  a  single  species 
are  often  obtained.  After  those  for  the  National  Museum  have 
been  selected,  a  great  number  of  duplicates  remain.  These  are 
identified,  labelleil   and  made  into  sets  for  exchange  with  other 
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museums  and  for  distribution  to  schools  and  small  museums.  This 
is  in  accordance  with  the  time-honored  usage  of  the  Smithsonian 
Institution,  and  is  regarded  as  an  important  branch  of  the  work. 
Several  specialists  are  employed  solely  in  making  up  these  sets 
and  in  gathering  material  required  for  their  completion.  Within 
three  years  fifty  sets  of  fishes  in  alcohol,  including  at  least  ten 
thousand  specimens,  have  been  sent  out,  and  fifty  sets  of  inverte- 
brates, embracing  one  hundred  and  seventy-five  species  and  two 
hundred  and  fifty  thousand  specimens.  One  hundred  smaller  sets 
of  representative  forms  intended  for  educational  puri>oses.  to  be 
given  to  schools  and  academies,  are  now  being  prepared. 

The  arrangement  of  the  invertebrate  duplicates  is  in  the  charge 
of  Mr.  Richard  Rathbun  ;  of  the  fishes,  in  that  of  Dr.  T.  II.  Bean. 

Facilities  have  also  been  given  to  many  institutions  for  making 
collections  on  their  own  behalf. 

Six  annual  reports  have  been  published,  with  an  aggregate  of 
5,650  pages.  These  cover  the  period  from  1871  to  1878.  Many 
papers  relating  to  the  work  have  been  published  elsewhere  —  par- 
ticularly descriptions  of  new  species  and  results  of  special  faunal  ex- 
ploration. 

AN  EPITOME  OF  THE  HISTORY  OF  THE  COMMISSION. 

1871. 

The  Commissioner,  with  a  party  of  zoologists,  established  the 
first  summer  station  at  Wood's  TIoll,  Mass.,  other  assistants  being 
engaged  in  a  similar  work  at  Cape  Ilatteras  and  the  Great  Lakes. 
He  also  personally  investigated  the  alleged  decrease  of  the  fish- 
eries in  southern  New  England,  taking  the  testimoii}'  of  numerous 
witnesses. 

1872. 

This  3'ear  the  summer  station  was  at  Eastport,  Maine,  particular 
attention  being  paid  to  the  herring  fisheries.  The  survey  of  the 
Great  Lakes  was  continued.  Dredging,  under  the  direction  of 
Professor  Packard,  was  begun  on  the  off-shore  banks.  At  the  in- 
stance of  the  American  Fish  Cultural  Association,  Congress  re- 
quested the  Commissioner  to  take  charge  of  the  work  of  multiply- 
ing valuable  food  fishes  throughout  the  countiy.     Work  was  begun 
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on  the  shad,  salmon  and  whitefish,  and  the  eggs  of  the  European 
salmon  were  imported. 

1873. 

Tlie  summer  headquarters  were  fixed  at  Portland,  Maine.  The 
opportunities  for  research  were  greatly  increased  by  the  aid  of  the 
Secretary  of  the  Navy,  who  granted  the  use  of  an  eighty-ton 
steamer. 

Explorations  in  the  outer  waters  between  Mt.  Desert  and  Cape 
Cod  were  carried  on  in  the  United  States  Coast  Survey  steamer 
Bache.  Operations  in  fish  culture  were  carried  on  upon  an  exten- 
sive scale. 

1874  —  1875. 

In  1874  the  zoological  work  centred  at  Noank,  Conn.  The 
attempt  was  made  to  introduce  shad  into  Europe.  In  1875  the 
station  was  for  a  second  time  at  Wood's  HoU,  where  a  permanent 
seaside  laboratory,  with  aquaria,  was  now  established.  The 
number  of  investigations  this  year  was  about  twenty.  The  in- 
crease in  the  propagation  work  was  proportionately  much   larger. 

1876. 

This  vear  tlie  Commissioner  was  unable  to  take  the  fishes  and 
nseful  invertebrates  in  behalf  of  the  Commission  field  for  fishery  in- 
vestigations, having  been  instructed  to  exhibit,  in  connection  with 
the  Philadelphia  International  Exhibition,  the  methods  of  fish  cul- 
ture and  the  American  fisheries.  Much,  however,  was  accom- 
plished by  single  investigators  in  various  localities.  The  propaga- 
tion work  continued.  This  year  the  first  carp  were  introduced 
from  Germany. 

1877. 

Tlie  field  of  investigation  was  resumed  at  Salem,  Mass.,  and 
later  at  Halifax,  N.  S.  A  larger  steamer  of  300  tons  made  deep 
sea  research  possible.  The  Commissioner  and  his  staff  served  as 
experts  before  the  Halifax  Fishery  Commission.  The  propagating 
work  was  on  the  increase,  and  the  government  carp  ponds  were 
established  in  Washington. 
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1878  —  1879. 

In  1878  the  suininer  station  was  at  Gloucester,  Mass. ;  in  1879 
at  Provincetown.  These  centres  of  the  fishing  interests  were  se- 
lected that  more  attention  mi<jht  be  devoted  to  studying:  the  his- 
tory,  statistics  and  methods  of  the  sea  fisheries ;  a  plan  for  the 
systematic  investigation  which  seemed  yearly  more  necessary  in 
view  of  the  dissensions  l>etween  the  governments  of  the  United 
States  and  Great  Britain.  In  1879  a  combination  was  formeil 
with  the  Superintendent  of  the  Tenth  Census,  l)v  which  the  Com- 
missioner was  enabled  to  carry  more  rapidly  forward  this  branch 
of  the  work.  Specialists  were  dispatched  to  all  parts  of  the  conn- 
try  to  stud\*  tlie  biological,  statistical  and  practical  aspects  of  the 
fisheries.  In  1878  the  breeding  of  cod  and  haddock  was  accom- 
plished at  Gloucester.  In  1879  the  propagation  of  the  oyster  was 
accomplished,  by  cooperation  witli  the  ISIarylnnd  Commission  under 
the  direction  of  Major  Ferguson,  and  the  distiibution  of  the  carp 
throuo^hout  the  country  was  be^-un. 

1880. 

The  summer  station  is  at  Newport,  R.  I.  The  Fish  Hawk,  a 
steamer  of  484  tons,  constructed  expressly  for  the  work  of  tlie 
commission,  lies  at  the  wharf,  now  ecpiippcd  for  scientific  research, 
later  to  be  employ e<l  in  the  propagation  of  sea  fish  such  as  the  cod 
and  the  mackerel.  Over  fifty  investiijators  are  in  the  field  in  the 
service  of  the  commission.  The  season  was  opened  by  the  partic- 
ipation of  the  commission  in  the  International  P^xhibition  at  Ber- 
lin. The  first  liouor  prize,  the  gift  of  the  Emperor  of  Germany, 
was  awarded  to  Professor  Baird,  not  alone  as  an  acknowleds:- 
ment  that  the  display  of  the  United  States  was  the  most  per- 
fect and  most  imposing,  but  as  a  personal  tribute  to  one  who,  in 
the  wonls  of  the  President  of  the  Deutsclier  Fischerei  Verein,  is 
regarded  in  Kurope  as  the  first  fishculturist  in  the  world. 


^ 
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The  Spanish  Mackerel,  and  its  Artificial  Propagation.     By 
Charles  W.  Smiley,  of  Washington,  D.  C. 

1.     NA3IES    AND    CHARACTERISTICS. 

The  fish  to  be  noticed  in  this  paper  is  a  member  of  the  family 
ScomhridiP^  described  by  Mitchill  as  the  Cyhium  maculatum.  Its 
general  appearance  is  much  like  that  of  the  common  mackerel, 
Scomber  scomhrus^  though  it  is  considerably  larger.  Its  color  is 
greenish  above,  blending  into  ashen  gray.  Jts  sides  and  all 
beneath  are  lustrous  white,  while  about  twent}^  yellowish  round 
spots,  a  quarter  of  an  inch  in  diameter,  are  irregularly  distributed 
along  the  siiles.  Its  eyes  are  large  :  its  mouth  is  also  large  and 
arme<l  with  acute  and  slightly  conical  teeth,  which,  however,  are 
wanting  in  front.  Its  length  is  seventeen  to  twenty  inches. 
De  Kay,  while  describing  it  as  Cyblum  macuUitian,  calls  it  the 
*'  spotted  cybium,"  and  applies  the  name  Spanish  mackerel  to  the 
Scomber  colias.  It  is  true  that  the  Scomber  colias  formerly'  monop- 
olized the  term  Spanish  mackerel,  for  it  was  then  in  market  and 
sold  in  considerable  quantities.  Great  schools  of  these  fish  ap- 
peared in  New  York  Bay  in  1811  and  1S13.  About  1820,  they 
were  exceedingly  al)undant  at  Gloucester,  and  Provincetown, 
Mass.  But  it  has  disappeared  from  our  coast.  During  a 
ten  years'  search  no  specimen  has  been  taken  unless  a  rare  speci- 
men taken  by  Hon.  Sanuiel  Powel,  of  Newport,  R.  I.,  October  22, 
1875,  was  of  this  species.  Mr.  Powel  was  very  certain  that  it  was 
Scomber  colias.  However  no  specimen  is  known  to  exist  in  any 
Museuui.  But  the  vernacular  slill  has  a  use  for  the  name, — 
Spanish  mackerel,  having  transferred  it  to  the  Cyblum  maculatum. 
The  latter  was  lirst  described  by  Mitchill  more  than  sixty  years  ago. 
It  was  then  very  scarce  in  our  waters,  though  believed  to  be 
abundant  in  the  Ciulf  of  ^lexico  and  Caribbean  sea.  Of  late  years 
it  has  api)oared  in  larger  and  larger  numbers  along  our  coast, 
exten<ling  as  far  north  as  Narragansett  liny. 


2.     LOCALITY    AND    ABUNDANCE. 

In  18.>4,  Professor  Theodore  N.  Gill,  of  the  Smithsonian  Institu- 
tion, reported  it  to  be  of  very  slight  commercial  importance.    Seth 
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Green  places  its  first  appearance  within  fifteen  years.  Few,  if  anjs 
were  taken  in  Chesapeake  Bay  prior  to  1870.  It  is  now  found  in 
schools  off  Fire  Island,  the  shoals  annually  increasing  in  size,  one 
having  been  reported  five  miles  square.  About  1872  or  1873  there 
was  quite  an  abundance  of  this  fish  in  Narragansett  Ba^.  Between 
three  hundred  and  four  hundred  were  taken  atone  haul  of  the  seine, 
but  the  run  was  short,  and  the  fish  did  not  reappear.  The 
Chesapeake  Bay  has  been  annually  visited  by  large  schools  for 
several  years  where  it  is  known  as  the  '*  bay  mackerel."  None 
were  known  to  have  been  marketed  there  prior  to  1870,  but  in 
1879,  1,300,000  of  this  fish  were  sold,  and  the  season  of  1880  is 
expected  to  yield  2,000,000.  They  are  taken  in  pound-nets  and 
gill-nets.  At  Cherrystone,  Maryland,  there  are  fourteen  pounds, 
which  average  a  catch  of  five  hundred  to  a  day.  As  many  as  4,000 
per  day  have  been  taken  in  a  single  pound  on  the  eastern  shore  of 
the  Chesapeake,  while  2,500  is  not  a  rare  catch  with  one  pound. 
The  bay  fish,  however,  are  smaller  and  leaner  than  those  caught 
farther  north.  The  fishermen  disagree  in  regard  to  the  length  of 
time  in  which  schools  have  visited  the  bay,  some  asserting  that 
there  were  only  scattering  fish  prior  to  1875,  and  others  that  schools 
have  appeared  for  many  years  ;  but  all  agree  that  there  has  been  a 
surprising  increase  during  the  last  five  years.  The  occurrence  of 
the  fish  hardly  ought  to  be  judged  by  the  amount  caught,  for  the 
increase  in  catch  has  been  entirelv  coincident  with  the  increase  of 
pound  and  net-fishing.  It  is  well  known  that  the  fish  ordinarily 
refuses  the  hook. 

3.     MKTIIOD    OF    CAPTURE,    AND    SALE. 

The  first  pound,  which  was  really  a  success  in  the  Chesapeake, 
was  constructed  by  George  Snediker  at  New  Point,  Va.,  in  1875. 
Now  there  are  one  hundred  and  sixty-four  between  cape  Charles 
and  the  Rappahannock  river.  Two  years  later,  gill-nets  were 
introduced  and  came  immediately  into  general  favor.  This  season 
there  are  one  hundred  and  seventv-five  men,  between  Smith's 
Island  and  Occohamock  creek,  engaged  in  taking  Spanish  mack- 
erel. A  net,  seventy-five  to  one  hundred  fathoms  long,  will 
average  twenty  to  forty  fish  per  day,  and  as  manj'  as  five  hundred 
have  been  taken  in  that  length  of  time.  The  fish  average  from  one 
and  one-half  to  two  pounds  each  in  weight.     The  markets  in  the 
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order  of  their  importance,  are  Baltimore,  New  York  and  Phila- 
delphia. In  tlie  New  York  market  the  receipts,  since  1878,  have 
been  as  follows : 


MONTH. 

1878.               1879. 

1880. 

APKIT- 

_ 

9Slb8. 

IS  lbs. 

Mat                  I 

June 
Jtlt 

6,980  lb8. 
50,042 

5,974 

38.803 

114,309 

98,277 

40,590 

4,451 

057 

3 

i3,a*w 

02,964 

ArcrsT           '    7->.7Sfl 

Seitemiier 

21.501 

3,099 

050 

OOTOnER 

KOVKMIIER 

Decemiifti 

274,913  lbs. 

309.108  lbs. 

70,941 11)8. 

4.  MARKET    TRICES. 

In  New  York  market  tlie  price  per  pound  ranged  from  eighteen 
to  thirty  cents  during  1871) ;  for  May,  1880,  from  fifteen  to  forty 
cents,  but  owing  to  the  large  shipments  in  June  the  price  fell  to 
ten  to  liftoen  cents.  On  special  occasions  the  fish  have  sold 
readil}'  at  one  dollar  per  pound.  The  catch  of  1873  at  Newport, 
II.  I.,  was  sold  at  prices  varying  from  seventy-five  cents  to  one 
dollar  i^er  pound. 

5.  TUE   MIGRATIONS. 


This  fish  usually  appears  in  the  Chesapeake  in  Ma^^,  when  the 
temperature  has  reached  Co  or  70  degrees,  and  the  number  in- 
creases until  the  middle  of  June.  The}*  remain  abundant  until 
September  and  diminish  as  the  temperature  of  the  water  fiills,  until, 
in  early  October,  nearly  all  have  disappeared.  They  come  in 
small  schools,  but  later  get  scattered,  and  often  quite  isolated. 
Before  leaving,  the  schools  seem  to  be  somewhat  reformed.  The 
individuals  of  the  schools  are  of  ditferent  sizes,    the    males  and 
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females  often  disproportionately  mingled.  They  seen:!  to  avoid 
the  brackish  waters  and  do  not  enter  the  rivers  at  all.  They  are 
less  plentiful  in  the  upper  Chesapeake. 

6.     SPAWNING. 

Six  months  ago  no  one  knew  the  first  particular  of  their 
spawning.  The  size  and  character  of  the  eggs  were  unknown. 
No  limit  had  ever  been  fixed  for  the  spawning  period.  Tlie 
shrewdest  guess  was  that  they  spawned  in  the  warm  water  of  the 
south  in  midwinter.  Their  rare  quality  as  a  food-fish  and  the 
success  in  artificially  hatching  shad,  salmon,  cod,  and  other 
edible  fish,  had  led  the  United  States  fish  commission  to  desire 
much  the  lacking  information. 

In  the  winter  of  1879  and  1880,  by  direction  of  Professor  S.  F. 
Baird,  commissioner,  Mr.  R.  E.  Earll,  for  several  3'ears  connected 
with  the  Propagation  Department  of  the  Fish  Commission,  and 
Col.  Marshall  McDonald,  commissioner  of  the  state  of  Virginia, 
made  an  exploring  tour  along  the  southern  coast  from  Florida 
northward.  To  Mr.  Earll  were  assigned  the  salt  water  fishes,  and 
to  Col.  McDonald  those  of  the  fresh  water.  Jn  late  spring,  they 
had  passed  Norfolk  and  entered  upon  the  examination  of  the 
Chesapeake  bay.  They  had  been  constantly  on  the  alert  for 
spawning  mackerel  and  were  at  last  rewarded  about  June  Ist, 
when  ripe  fish  were  discovered  by  them  in  the  lower  part  of  the 
bay,  and  the  announcement  was  made  to  the  commissioner  by  Col. 
McDonald.  This  led  to  a  further  investigation,  till  upon  reaching 
Mobjack  bay,  enormous  quantities  were  found  actually  depositing 
their  eggs.  Mr.  Earll  who  is  a  member  of  this  Association,  but 
unable  to  attend  this  meeting,  and  who  has  furnished  all  the  facts 
eoncerning  his  work  for  this  paper,  at  once  telegraphed  the  extent 
Gf  the  discovery  to  Professor  Baird,  in  Washington,  and  reported 
in  person  some  days  later. 

7.     EXPERIMENTS. 

Professor  Baird,  who  seemed  more  gratified  with  this  discovery 
than  with  the  world's  prize  just  announced  by  cable  as  awarded  to 
him  personally  at  the  International  Fishery  Exhibition  at  Berlin, 
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directed  Mr.  Earll  on  June  17th  to  return  to  the  bay;  and,  by  a 
series  of  experiments,  to  ascertain  whether  the  fish  could  be 
artificially  hatched.  Professor  Baird  ottered  him  the  use  of  a 
steamer  for  the  purpose,  by  means  of  which  all  the  different  kinds 
of  hatching  apparatus  could  be  tried  in  the  experiment.  But  after 
advising  with  Col.  McDonald,  Mr.  Earll  concluded  to  make  the 
first  attempt  with  such  apparatus  as  could  be  prepared  on  the 
ground.  June  21st,  Mr.  Earll  started  lor  Crisfield,  Md.,  on  the 
eastern  shore  of  the  Chesapeake,  and  during  the  following  ten 
days  conducted  his  experiments  there,  obtaining  his  supi)ly  of  egg9 
from  the  pound-nets  of  Mr.  J.  K.  N.  Sterling,  who  rendered  every 
possible  assistance.  Mr.  Earll  found  the  number  of  eggs  produced 
l)y  a  single  fish  to  be  from  50,000  to  500,000,  according  to  the 
size  of  the  fish,  the  latter  number  having  been  taken  from  a  fish 
weighing  one  and  three-fourths  pounds.  Instead  of  all  the  eggs 
ripening  at  once,  as  is  true  in  the  case  of  the  shad,  onl}^  a  part  are 
thrown  at  a  time  and  at  intervals  of  a  few  days,  probably  extend- 
ing through  two  to  three  months.  This  is  analogous  to  the  cod 
which  deposits  its  eggs  at  intervals  during  five  or  six  months. 
Different  individuals  of  mackerel  were  found  to  vary  in  their  time 
of  spawning ;  some  ripening  a  considerable  time  before  others, 
and  the  males  seeming  to  ripen  somewhat  in  advance  of  the 
females.  From  -40,000  to  130,000  eggs  were  obtained  at  one  time 
from  a  single  fish.  The  shad  however  yields  only  20,000  to  30,000 
as  its  fruit  of  an  entire  season.  The  cod,  on  the  other  hand,  are 
so  prolific,  that  a  twenty-one  pound  fish  has  yielded  2,700,000 
eggs,  and  a  scvenl}^  pound  fish  hasjMelded  9,000,000  eggs. 

When  the  fish  had  remained  in  the  nets  several  days,  Mr.  Earll 
found  that  the  most  of  the  spawning  females  had  deposited  all 
their  ripe  eggs.  The  greatest  quantities  were  secured  from  indi- 
viduals that  had  remained  in  the  pound  but  a  few  hours.  It  is 
believed  that  when  confined,  the  female  presses  against  the  netting 
in  its  efforts  to  escape,  and  produces  an  abnormal  discharge  of 
eggs  ;  but  it  would  result  in  the  impregnation  of  a  much  larger 
number  of  eggs  than  would  chance  to  be  fertilized  in  a  natural 
way.  The  males  and  females  being  caught  side  by  side  in  consid- 
erable numbers,  both  eggs  and  milt  would  be  present  in  the 
water  in  such  quantities  that  they  could  not  fail  to  come  in  contact 
before  vitality  is  lost. 
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8.     FERTILIZATION. 

The  eggs  are  easily  fertilized.  It  is  merely  necessary  that 
they  come  into  contact  with  the  milt  of  the  male  in  any  re- 
ceptacle of  water.  A  half  hour  after  contact  with  the  milt,  the 
eggs  swell  and  become  too  hard  to  be  broken  by  the  pressure  of 
the  thumb  and  finger.  The  water  in  which  fertilization  took  place 
can  then  be  rei)laced  by  clean  water,  and  the  eggs  are  ready  for  the 
hatching  apparatus.  Their  specilic  gravity  is  now  so  nearly  equal 
to  that  of  salt  water  that  when  the  water  is  at  rest  they  tloat  ui>on 
its  surface,  remain  susi)ended  in  the  water,  or  occasionally  sink 
slowly  to  the  bottom.  The  least  current  will  cause  them  to  be 
distributed  through  the  licpiid.  Mr.  Karll  discovered  a  small  oil 
globule  in  eaeh  egg  which  serves  the  puri)Ose  of  buoying  it.  The 
impregnated  egg  is  also  so  transparent  that  the  fishermen,  who 
are  not  usuall}*  veiy  observing,  would  never  suspect  their  presence. 
The  eggs  are  smaller  than  eggs  of  almost  any  other  spreies,  and 
have  an  average  diameter  of  onh'  one-twenty-eighth  of  an  inch. 
It  has  been  estimated  as  will  be  seen  that  2\,iii)'2  would  make  a 
cubic  inch,  and  a  quart,  57 J  cubic  inches,  would  hold   1,207,728 

The  period  of  hatching  is  greatly  intluenced  by  the  temperature 
of  the  water.  The  average  temperature  during  the  experiments 
at  Crislield  was  84  degrees  Fahrenheit.  Ten  hours  after  contact 
with  the  milt  the  outline  of  the   fish  could   be  discerned   by  the 

ft' 

naked  eve.  The  fish  is  formed  with  the  curve  of  its  back  at  the 
lowest  point  of  the  egg.  In  fifteen  and  one-half  hours,  the  fish 
began  to  hatch.  In  eighteen  hours,  one-half  of  the  eggs  had 
batched,  and  in  twenty  hours,  all  were  out.  Experiments  in  water 
at  78  degrees  Fahrenheit  showed  that  21  hours  were  necessary  for 
hatching.  A  more  remarkable  elfect  of  temperature  is  observed  in 
the  case  of  the  cod.  In  water  at  45  degrees,  cod  have  been 
hatched  in  thirteen  days  ;  but  in  water  at  31  degrees,  lilt}*  days 
were  occupied  in  hatching. 

The  newly  hatched  mackerel  are  about  one-eighth  of  an  inch  in 
length,  and  so  small  as  to  escape  through  wire-cloth  witli 
thirty-two  threads  to  the  inch,  and  are  almost  colorless.  The 
food-sac,    situated    well    forward,    is    quite    large   in   proportion 
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to  the  body,  the  anterior  nicargin  extending  to  the  lower  jaw. 
Willie  floating  on  its  back  for  several  hours,  during  its  helpless 
condition,  it  passes  safely  over  the  heads  of  its  enemies,  and 
is  protected  from  being  wrecked  in  sand  or  weeds.  While 
in  this  almost  motionless  condition,  it  occasionally  indulges  in 
spasmodic  efforts  similar  to  those  noticeable  in  freeing  itself 
from  the  shell.  After  a  few  hours,  becoming  more  vigorous, 
it  gets  to  a  depth  of  an  inch  or  more  below  the  surface  of 
the  water.  After  a  day  or  two,  the  food-sac  is  less  promi- 
nent and  the  fish  experiences  less  difficulty  in  swimming  at 
various  depths.  The  young  mackerel,  hatched  by  Mr.  Earll,  were 
so  hardy  that  forty  were  confined  in  a  goblet  without  change  of 
water  for  two  days  before  the  first  fish  died  ;  others  placed  ia 
water  which  was  allowed  to  cool  gradually,  and  immediately 
transferred  to  water  ten  degrees  warmer,  were  not  injured  in  the 
least.  In  fresh  water  they  slowly  sank  and  died  in  a  few  hours. 
Mr.  Earll  also  found  that  a  fair  percentage  of  eggs  could  be 
hatched  in  still  water  with  but  one  or  two  changes  during  their 
development.  Eggs  taken  at  G  p.  m.  and  allowed  to  remain  in  a 
basin  of  water  till  morning,  when  another  change  was  made, 
hatched  with  very  small  percentage  of  loss.  Samples  of  all  the 
dillerent  stages  of  development  were  preserved  in  alcohol  and 
glycerine  for  the  National  Museum.  Over  half  a  million  were 
hatched  by  the  various  methods  and  at  various  times. 

9.     APPAUATUS. 

The  apparatus  used  in  these  experiments  being  made  on  the  spot, 
though  very  primitive,  was  as  successful  as  could  possibly  be 
desired.  The  apparatus  consisted  simply  of  floating-boxes  with 
bottoms  made  of  wire-cloth.  The  cloth  was  plated  with  nickel  to 
prevent  injurious  action  of  the  salt  water  and  contained  thirty-two 
wires  to  the  inch.  After  it  was  found  that  a  lot  of  fish  had  escaped 
through  it,  only  the  shells  remaining  to  prove  that  hatching  had 
taken  place,  the  wire  and  each  aperture  were  covered  with  coarse 
cotton  cloth.  The  boxes  were  provided  with  covers  for  protection 
against  storms,  or  wind  or  rain,  but  were  provided  with 
openings  on  the  sides  to  admit  fresh  water  from  above.  The  box 
giving  best  results  was  arranged  on  a  principle  similar  to  that 
employed  by  Captain  II.  C.  Chester  in  the  experiments  with  codfish 
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at  Gloucester,  in  the  winter  of  1878.  It  had  openings  on  two  sides 
even  with  the  water  line.  Just  below  these  on  the  outside  of  the 
box  were  wooden  floats  about  thiee  inches  wide.  These  were  placed 
at  an  angle  with  the  surface  so  that  the  ordinary  wave-action 
would  cause  the  water  to  run  up  the  slight  incline,  and  after 
reaching  the  highest  points,  passed  down  through  the  wire-cloth 
into  the  box,  thus  giving  a  constant  change  of  water  without  the 
aid  of  tide  or  currents.  Other  boxes  were  arranged  in  the  ordinary 
wa^',  to  utilize  the  action  of  both  tides  and  currents.  These  set 
obliquely  in  the  water,  so  that  the  motion  would  force  it  through 
the  bottom.  In  addition  each  had  a  large  opening  covered  with 
wire-cloth  below  the  surface  of  the  water  on  its  front  side  to  srive 
additional  circulation.  The  boxes  were  moored  in  the  harbor 
where  the  tide  was  strongest,  and  by  means  of  them  a  greater  part 
of  the  eggs  was  successfully  hatched.  The  loss  in  one  instance 
was  less  than  fifteen  per  cent. 


10.     CONFIRMATION    AND    PRACTICAL    RESULTS. 

After  the  experiments  of  Mr.  Earll  were  over,  very  gratifying 
confirmation  of  the  results  reached  by  him  was  had  in  the  micros- 
copic studies  of  Mr.  John  A.  Ryder,  of  the  Fish  Commission. 
The  fish-hatching  steamer  ''  Lookout,"  under  the  direction  of 
Major  Ferguson,  going  down  the  bay,  Mr.  Ryder  improved  the 
opportunity'  to  hatch  a  small  number  offish  and  to  make  drawings 
of  the  embryo  in  dilferent  stages  of  development.  He  found  that 
when  the  embryo  was  freed  from  the  shell,  the  changes  occurred 
rapidly.  In  seven  hours  he  detected  the  outline  of  a  fish  ;  in 
seventeen,  the  head  and  eves,  and  in  twentv  a  free  fish.  He  dis- 
covered  the  oil-globule  attached  to  the  lower  end  of  the  umbilical 
sac,  which  he  pronounced  to  exist  in  no  other  fish  which  has  been 
artificially  propagated.  At  four  days  from  the  time  of  hatching, 
the  globule  having  been  absorbed,  he  observed  the  fish  swimming 
vigorously  about  with  open  mouth,  as  if  in  search  of  microscopic 
food,  and  actually  discovered  traces  of  food  in  the  stomach. 
Major  Ferguson,  the  assistant  commissioner,  was  so  much  pleased 
with  the  series  of  discoveries  by  Mr.  Earll,  and  the  confirmatory 
observations  of  Mr.  Ryder,  that  he  transported  some  of  the  young 
to  Saint-Jerome  Creek  to  watch  their  subsequent  growth.  Pro- 
fessor  Baird  has  traced  the  stages  of  the  investigation  with  the 
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greatest  interest  and  has  furnished  every  possible  facility.  He  will 
probably  enter  upon  systematic  hatching  of  the  mackerel  next 
summer  with  a  view  to  stocking  other  waters.  It  is  hoped  that  at 
least  Narragansett  bay  may  be  reached  as  a  northerly  limit.  The 
artificial  propagation  is  entirely  feasible  and  the  season  being  in 
mid-summer  would  not  conflict  with  the  shad  season  of  the  spring, 
the  salmon  season  of  the  fall,  or  the  cod  season  of  the  winter. 
The  eggs  are  much  more  abundant,  and  hatch  more  easily,  as  well 
as  more  speedily,  than  any  other  fish  now  propagated.  During 
the  four  days  consumed  in  hatching  a  lot  of  shad,  five  lots  of 
mackerel  could  be  hatched,  and  during  twenty-four  days  neces- 
sary to  hatch  one  lot  of  codfish,  thirt3'-two  lots  of  mackerel  could 
be  produced.  Mr.  Earll  selected  a  suitable  locality  for  a  hatching 
station  at  Cherrystone,  Md.,  on  the  eastern  shore,  preferring  this 
to  Mobjack  bay  at  which  the  pounds  are  most  numerous,  on  account 
of  an  excellent  harbor.  The  fishermen  are  also  very  kindly  dis- 
posed, and  offered  to  render  every  assistance.  Thus  most 
important  facts  are  added  to  the  natural  history  of  the  fish  and 
the  prospect  is  bright  for  a  great  commercial  success. 


Anthrax  of  Frcit  Trees  ;  or  the  so-called  Fire  Blight  op 
Pear,  and  Twig  Blight  op  Apple,  Trees.  By  T.  J.  Bur- 
rill,  of  Urbana,  III. 

The  widespread  and  disastrous  disease  of  the  pear  tree,  com- 
monly called  Fire  Blight  and  that  no  less  prevalent,  at  least  in 
the  western  states,  usualh^  known  as  Twig  Blight  of  the  apple 
tree,  are  due  to  tlie  same  immediate  agency.  They  are  identical 
in  origin  and  as  similar  in  their  pathological  characteristics  as  are 
the  trees  themselves,  or  differ  no  more  than  one  familiar  with  the 
histological  structure  of  the  trees  might  indicate,  prior  to  observa- 
tion upon  the  course  and  consequence  of  the  malady.  The  quince 
and  probably  many  other  plants,  among  which  we  now  name  the 
butternut,  the  Lombardy  poplar  and  the  American  aspen,  suffer 
from  the  same  disease.     Judging  from  published  descriptions  only, 
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it  is  also  very  probable  that  the  "Yellows"  of  the  peach  will  be 
found  due  to  a  similar  cause. 

The  immediate  and  exciting  cause  of  the  disease  is  a  living  or- 
ganism, belonging  to  a  group  of  minute  beings  called  bacteria 
which  produce  butyric  fermentation  of  the  stored  carbonaceous 
compounds  in  the  cTells  of  the  aifected  plants,  and  especially  in 
those  of  the  bark  outside  of  the  liber  or  fibrous  inner  la3*er.  This 
organism,  if  indeed  specifically  different,  is  closely  allied  to  the 
^^vihn'on  bntj/rique**  of  Pasteur^  and  the  Bacillus  amylohacter  of 
Van  Tieghem,^  now  known  to  be  identical  with  the  preceding. 
The  proof  of  these  assertions  is  the  burden  of  this  paper. 

HISTORICAL. 

This  disease  of  pear  and  apple  trees  has  been  known  in  this 
country  over  one  hundred  years,  in  varying  degrees  of  virulence 
and  remarkably  irregular  occurrence,  throughout  the  United 
States  east  of  the  great  plains  bordering  the  Kocky  mountains, 
sometimes  doing  inconsiderable  damage  and  again  killing  such 
disheartening  numbers  of  trees  that  planters  have  not  dared  to 
risk  the  cultivation  of  these  favorite  fruits  except  upon  a  lim- 
ited scale.  The  planting  of  pears  has  been  practically  aban- 
doned throughout  large  areas  of  the  country,  solely  on  account  of 
the  ravages  of  the  disease  in  question.  Apple  trees,  though  as 
often  attacked  in  the  western  states  and  much  injured,  do  not  so 
severely  suffer,  seldom  dying  outright  from  this  cause  alone.  The 
quince  is  scarcely  less  injured  than  the  pear. 

No  topic  has  been  more  fully  discussed  in  the  meetings  of  the 
horticulturists,  and  none  has  a  fuller  literature  in  the  perioflicals 
devoted  to  rural  aflairs.  Theorv  after  theorv  has  been  advanced 
as  to  the  cause  and  the  cure,  only  to  be  overturned  by  subsequent 
observation  and  experience.  Because  an  insect  was  sometimes 
found  destroying  a  twig  or  branch,  and  an  account  of  its  opera- 
tions published,  many  persons  supposed  that  insects  were  the  dep- 
redators and  the  sole  cause  of  the  mischief.  liut  no  competent 
entomologist  now  attributes  the  devastating  ^* fire  blight"  to  the 
direct   work  of  insects.      Downing^  argued  —  and  he  had  many 


»  Cotnptes  Hejului,  t.  52.  p.  3U,  IWU. 

«  Comptfi  lUnflus.  t.  88,  p.  2a'>,  18?J  and  t.  80,  p.  5.  1879. 

'  Fruits  and  Fruit  Ti*ees  of  America,  2d  ed.,  p.  G4G. 
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supporters  —  that  the  difficulty  originated  in  the  freezing  of  the 
sap,  and  its  subsequent  corruption  in  the  tissues.  Others  be- 
lieved the}^  had  traced  the  origin  of  the  disease  to  the  absence 
of  essential  elements  in  the  soil,  while  still  others  attributed  it  to 
organic  debility  of  the  trees.  Finally,  when  all  visible  or  tangible 
agents  were  given  up,  and  all  theories  proved  inadequately  sup- 
ported by  facts,  the  idea  of  destruction  by  fungi  was  theoretically 
advanced. 

In  18G3,  Dr.  Salisbury^  of  Ohio  published  an  illustrated  account 
of  his  microscopical  observations,  concluding  that  ''  blight "  was 
due  to  a  fungus  which  he  named  SpJicerotheca  pyrl.  Later  inves- 
tigations have  by  no  means  sustained  this  opinion,  yet  by  many 
this  paper  is  considered  the  most  important  one  in  the  literature 
of  the  subject.  Dr.  Hull^  of  Illinois  in  1868  and  '70  gave 
accounts  of  observations  and  experiments,  proving  as  he  thought 
the  accuracy  of  the  fungoid  theory.  One  of  his  statements  is  of 
special  interest  here.  He  had  received  through  the  mail  a  blight- 
ed aiiplo  twig  and  remarks  :  ''  We  cut  from  it  several  small  slices 
of  bark,  going  deep  enough  to  include  a  thin  slice  of  wood  ;  with 
these,  we  inoculated  several  succulent  pear  shoots  b}'  tying  in  the 
pieces  of  bark  as  in  budding.  *  ♦  *  .  After  a  lapse  of  thirty- 
four  days  *  *  *  we  found  them  all  blighted.*'  lie  also  adds 
that  the  conditions  of  the  weather  were  not  the  most  favorable, 
for  though  warm,  a  drought  was  prevailing  and  he  believed  a  hu- 
mid condition  of  the  atmosphere  is  required. 

Many  others  have  stated,  in  a  less  definite  way,  that  blight  is 
communicable  from  diseased  to  healthy  trees,  but  there  is  no 
precise  account  of  carefully  conducted  experiments  upon  the  sub- 
ject. Professor  Turner ^  of  Illinois  speaks  of  its  dissemination  by 
the  pruning  knife,  and  cure  by  turpentine  and  lampblack.  In 
18G8  Dr.  Hull  thought  he  had  induced  disease  similar  to  the  ''fire 
blight"  b}-  grinding  in  water  fibres  of  fungi  found  upon  rotting 
roots. 

In  an  address  before  the  American  Pomological  Society  at  St. 
Louis,  Thomas  Meehan  gave  his  reasons  for  holding  theoretically 
that  the  malad}-  is  due  to  fungous  parasitism  and,  through  the 
columns  of  the  Gardener's  Monthly-,  he  has  often  pointed  out  the 

<TransactionB  Ohio  AKiicultural  Society.  1863,  p.  450. 

«  Trani-actions  Illinois  Stale  Horticultural  Society,  18G8,  p.  35;  1870,  p.  220. 

^Truusactious  Illinois  State  UorUcultural  Society,  1878,  p.  81. 
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fallacy  of  other  opinions  and  the  accumulating  evidence  in  favor  of 
this.  At  his  instance  Dr.  J.  Gibbons  Hunt,  of  Philadelphia,  ex- 
amined, by  the  aid  of  the  best  microscopical  equipments,  blight- 
ed limbs  of  pear,  and  having  found  a  fungus  which  he  supposed 
caused  the  black  color  of  the  branches,  he  says"  :  "  It  attacks  the 
bark  and  outside  of  the  leaves  and  young  fruit  first,  causing 
changes  in  the  cells,  in  these  locations  resembling  much  those  pig- 
mentary cell-changes  which  differentiate  the  negro  from  the  so- 
called  white  man.  The  cell  contents,  normally  transparent,  are 
changed  into  extremely  minute  pigment  granules  which  fill  the 
cells  and  give  that  characteristic  color  and  smell  which  mark  the 
disease.  Moreover,  minute  drops  of  viscid  offensive  liquid  come 
out  on  the  surface.  *  *  ♦  From  the  cambium  layer  the  fungus 
travels  towards  the  interior  of  the  stem  through  the  medullary 
rays  chiefly,  and  here  I  find  those  round  bodies  which  in  our  igno- 
rance we  often  call  spores.  The  ducts  which  ascend  the  stem  are 
often  obstructed  with  similar  bodies  and  aggregated  pigment 
granules.  This  is  all  I  know  about  the  subject.  I  cannot  ven- 
ture to  name  the  fungus." 

I  have  quoted  this  account  at  some  length,  for  according  to  my 
observations  it  is  the  nearest  approach  to  the  solution  of  the 
cause  of  the  difficulty  founded  upon  direct  investigation  that  had 
up  to  this  time  found  its  way  into  public  print.  Still  it  seems 
impossible  to  admit  in  full  the  correctness  of  the  interpretations. 
What  the  round  bodies  called  spores  were,  it  is  difficult  to  per- 
ceive. The  dark  color  of  blighted  parts  certainly  does  not  come 
from  pigment  granules.  The  notice  of  the ''offensive  liquid" 
is  a  capital  point,  but  this  seems  to  have  escaped  careful  exami- 
nation. 

In  1876,  Thomas  Taylor  of  the  Department  of  Agriculture, 
Washington,  D.  C,  exhibited  drawings  at  the  Centennial  Exposi- 
tion showing^  "  the  effects  of  the  chemical  changes  which  take 
place  in  the  interior  structure  of  the  tree  under  the  attacks  of  the 
fungus  to  which  this  disease  is  due." 

In  1877,  the  writer^  presented  to  the  Illinois  State  Horticultural 
Society  the  results  of  microscopical  observations,  in  the  account 
of  which  occurs  the  first  published  notice  of  the  minute  moving 

'  Gardener's  Monthly,  1875,  p.  245. 

*  lieport  Department  of  Ag^riculture,  1876,  p.  75. 

'Transactions  Illinois  State  Horticultural  Society,  1877.  p.  114. 
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l)Oclies  always  present  in  the  portions  of  trees  suffering  from  the 
malady  of  which  we  treat.  1  quote  :  "The  cambium  [a  term  here 
too  loosely  used]  of  the  blighted  branch,  when  trouble  first  shows 
itself,  and  for  some  days  thereafter,  is  filled  with  very  minute  mov- 
ing particles.  *  *  ♦  .  Not  unfrequently  a  thickish,  brownish, 
sticky  matter  exudes  from  affected  limbs,  sometimes  so  abundant 
as  to  run  down  the  surface  or  drop  from  the  tree.  This  proves  to 
be  identical  with  that  noticed  in  the  cambium  and  unquestionably 
has  the  same  origin.  The  sticky,  half-fluid  substance  thus  exud- 
ing is  entirely  made  up  of  these  minute  oscillating  particles."  In 
a  subsequent  discussion  in  the  same  society  I  am  credited  with 
the  following  :  ^®  '^  If  we  remove  the  bark  of  a  newlv  affected  limb 
and  place  a  little  of  the  mucilaginous  fluid  from  the  browned  tis- 
sues under  our  microscope,  the  field  is  seen  to  be  alive  with  moving 
atoms,  known  in  a  general  way  as  bacteria.  *  ♦  ♦  .  A  particle 
of  this  viscous  fluid  introduced  upon  the  point  of  a  knife  into  the 
bark  of  a  healthy  tree  is  in  many  cases  followed  by  blight  of  the 
part,  but  with  me  not  in  every  instance.  ♦  ♦  ♦  .  If  we  look  once 
more  to  the  aftected  branch,  we  find  the  disease  spreads  more  or 
less  rapidlj'  from  the  point  of  origin,  and  upon  examination  the 
moving  microscopic  things  are  discovered  in  advance  of  the  dis- 
colored portions  of  the  tissues,  but  not  veiy  far  ahead  —  an  inch 
perhaps.  [They  are  now  known  to  advance  several  feet  in  cer- 
tain cases,  ahead  of  the  black  colored  parts.]  Does  it  not  seem 
plausible  that  they  cause  the  subsequently  apparent  change?  It 
does  to  me,  but  this  is  the  extent  of  my  own  faith  ;  we  should  not 
sa}'  the  conclusion  is  reached  and  the  cause  of  the  diflftculty  def- 
initely ascertained.  So  far  as  I  know,  the  idea  is  an  entirely  new 
one — that  bacteria  cause  disease  in  plants  —  though  abundantly 
proved  in  the  case  of  animals." 

This  is  a  very  meagre  sketch  of  the  literature  upon  the  sub- 
ject, but  nothing  has  been  omitted  which  to  m}'  knowledge  has 
special  bearing  u])on  the  essential  point  of  the  present  paper. 
After  all  the  investigations  that  had  been  made  and  all  that  had 
been  said  —  a  kind  of  ferment  of  itself — editors  ^^  were  "obliged 
to  reply,*'  to  quote  from  the  American  Agriculturist,  ''  as  we  have 
many  times  in  the  past  that  the  'cause'  of  the  blight  is  not  known. 
It  is  supposed  to  be  due  to  fungi,  but  this  cause  has  not  been 

»»  Transactions  Ulinols  State  Ilorticulturnl  Society,  1878,  p.  80. 
"  American  Agriculturist,  Vol.37,  p.  35G,  1878. 
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demonstrated.  ♦  *  *  Though  pear  blight  is  a  topic  discussed  at 
pornological  meetings  more  than  any  other,  scarcely  any  positive 
knowledge  has  been  thus  far  elicited.'*  This  was  literally  true 
and  has  been  repeated  in  substance  hundreds  of  times  until  this 
day.     Can  it  be  hereafter  written  with  equal  truthfulness? 

EXPERIMENTAL. 

After  further  researches  upon  the  presence  of  bacteria  in  the 
tissues  of  dying  limbs  and  the  scarred  blotches  upon  the  trunks 
of  trees,  I  began,  July  1,  1880,  a  series  of  experiments  with  a 
view  to  determine  whether  these  organisms  were  really  active 
agents  in  the  observed  changes,  or  simply  accompanied  other 
causes  of  destruction.  Other  interests  at  the  same  time  so  en- 
gaged my  attention  and  time,  that  the  work  was  not  so  exten- 
sively prosecuted  as  I  heartily  wished  it  had  been,  after  becoming 
gradualU'  convinced  of  the  possible  complete  demonstration  of 
the  perplexing  problem.  However,  the  results  are  sutliciently 
clear  to  warrant  their  announcement  and  to  establish  the  aggres- 
sive activity  of  the  organisms.  Experiments  were  continued  and 
results  carefully  noted  up  to  the  14th  of  August,  1880.  Blight 
was  during  the  time  more  or  less  prevalent  in  the  vicinity.  On 
the  isolated  acre  of  ground  where  most  of  the  experiments  were 
made,  there  are  ninety-four  pear  trees  of  different  ages  and  kinds, 
some  in  cultivated  soil,  others  in  sward.  There  are  twenty  ai)ple 
trees  and  one  quince  tree.  Of  the  pears,  seventy-two  are  three 
years  old  from  the  bud  on  pear  roots.  They  were  transplanted  in 
the  spring  of  1879,  and  though  culls  from  a  nursery  were  in  good 
thrifty  condition,  making  a  growth  this  year  of  about  three  feet. 
These  were  Bartletts  and  Clapp's  Favorite.  The  other  pear  trees 
were  of  bearing  age  and  mostly  laden  with  fruit.  Blight  occurred 
spontaneously',  i.  e.,  without  conscious  introduction  by  myself,  on 
four  of  the  large  pear  trees  and  upon  one  onl}'  of  the  seventy-two 
young  ones,  upon  which  the  experiments  were  tried.  This  one 
stood  within  two  feet  of  one  allowed  to  die  from  artificial  inocu- 
lation. 

The  weather  during  the  time  was  favorable  for  the  operations, 
being  with  the  exceptions  to  be  stated  remarkably  uniform,  of 
moderate  summer  temperature,  clear  and  fine.  Much  rain  liad 
previously  fallen,  and  a  heavy  thunder  shower  occurred  on  the  last 
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day  of  June.  During  the  few  first  days  of  July,  the  air  was 
moist  and  the  temperature  stood  in  daytime,  about  90°  Fab. 
Other  storms  with  thunder  occurred  July  9th  and  August  11th, 
with,  however,  but  little  rainfall. 

The  term  inoculation  is  used  to  denote  the  introduction  of  the 
virus  by  a  wound  in  the  bark.  External  applications  are  not  in- 
cluded under  this  designation. 

The  inoculations  of  July  1st  and  10th  were  made  b}'  cutting 
pieces  of  diseased  bark  freshly  taken  from  the  tree,  and  inserting 
them  after  tiie  manner  of  budding,  as  practised  by  nurserymen, 
without,  however,  taking  the  precaution  of  tying.  These  pieces 
of  bark  were  about  three-sixteenths  of  an  inch  by  two-thirds  of 
an  inch.  Those  made  after  the  date  mentioned  were  performed 
with  a  sharp-pointed  knife,  or  needle  dipped  in  the  exuding  virus 
of  diseased  trees.  This  was  usually  collected  in  the  morning  and 
placed  in  a  vial  with  a  little  distilled  water.  Requisite  care  was 
always  taken  to  cleanse  the  instrument  thoroughly  or  to  choose  a 
new  one  when  changing  the  infecting  material.  Usuall}',  shoots 
of  the  current  year's  i^rowth  were  chosen  for  inoculation  and  the 
operation  performed  near  the  middle,  longitudinally.  But  in  the 
apple  after  the  first  few  trials  the  wound  was  generally  made  near 
the  apex.  Experiments,  thirty-three  to  forty-two  inclusive,  were 
made  in  tiie  growth  of  last  year  of  thrifty  apple  trees  in  nursery 
the  third  season,  using  virus  from  pear  in  part,  and  in  part  from 
apple.  None  of  these  were  successful.  Twent^'-one  experiments 
were  made  by  simply  applying  the  virus  by  means  of  a  brush  to 
the  uninjured  epidermis  of  growing  shoots  or  leaves.  No  one  of 
these  was  apparently  successful  up  to  the  14th  of  August. 

RESULTS    OF    EXPERIMENTS. 

Of  the  inoculated  pear  trees,  sixfy-three  per  cent,  became  diseased^ 
exhibitinjjf  all  the  characteristics  externally  and  internally  of 
'*  lire  blight."  Eighteen  of  these  inoculated  trees  stood  in  a  row 
of  fifty-five,  two  feet  apait,  and  were  selected  here  and  there 
along  the  row.  Of  the  thirty-seven  not  inoculated  b}'  myself  in 
the  row,  all  save  one  remained  free  from  the  malady  up  to  the  end 
of  the  experiments.  Seventeen  others  of  the  same  «ge  and 
kind,  growing  within  a  few  feet  or  rods,  also  continued  in  health. 
Thus  while  sixty-three  per  cent,  of  the  inoculated  died,  less  thaa 
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two  per  cent,  of  those  with  the  former,  under  the  same  conditions 
but  not  consciousl}'  inoculated,  became  infected  with  the  disease. 
Of  the  pear  trees  inoculated  with  virus  from  diseased  pear,  fifty- 
four  per  cent,  received  the  disease,  while  of  those  inoculated  from 
blighting  apple,  seventy-two  per  cent,  became  as  thoroughly  in- 
fected, and  the  parts  as  speedily  died.  This  greater  per  cent,  of 
infection  from  the  apple  virus  does  not  necessaril}'  prove  that  it  is 
more  destructive,  for  another  set  of  experiments  may  reverse  the 
percentages  ;  but  I  think  the  result  may  be  taken  as  showing  the 
identity  of  the  disease  in  the  two  trees.  All  other  experiments 
agree  in  this  respect. 

The  four  inoculations  of  the  quince  with  pear  virus  were  all 
successful.  There  is  but  one  quince  tree  or  rather  bush  upon  the 
experimental  grounds.  Its  low  head  furnishes  many  branches — 
thirty  to  forty  —  similar  to  those  chosen  for  experiment.  Blight 
occurred  only  in  the  four  inoculated.  These  having  been  removed, 
the  bush  is  (Aug.  14)  apparentl}^  perfectly  free  from  the  disease. 

Turning  to  the  apples  experimented  upon,  we  find  the  results 
less  positive.  The  ten  nursery  trees  previously  mentioned,  a  half 
mile  from  the  principal  exi)erimental  plat,  inoculated  in  year  old 
parts,  five  with  pear,  five  with  apple  virus,  gave  no  affirmative 
results.  No  special  reason  con  be  assigned  for  the  failure,  unless 
it  may  be  the  age  of  the  parts  inoculated.  This  needs  repetition. 
The  other  trees  were  of  the  varietv  known  as  Grimes*  Golden 
Pippin,  eight  years  from  graft.  This  variety  is  not  peculiarly 
subject  to  blight,  but  several  afiected  branches  not  intentionally 
inoculated  were  trimmed  away  from  time  to  time.  From  ten  in- 
oculations with  a  needle  in  the  tender  bark  of  young  shoots,  six, 
or  sixty  per  cent.,  gave  evidence  of  infection  :  but,  except  in  two 
cases,  the  subsequent  development  of  the  disease  was  feeble 
compared  with  the  experimental  pears.  Application  of  virus  with 
a  brush  was  made  upon  the  bark  of  the  current  season's  growth 
of  four  pear  trees  and  six  apple  trees.  In  j-ome  cases  these  were 
bound  with  a  moistened  cloth  to  prevent  too  rapid  desiccation  of 
the  virus.  All  proved  unsuccessful.  In  a  similar  manner  virus 
was  applied  after  six  o'clock,  p.  m.,  to  a  large  number  of  leaves 
upon  fi\'e  pear  trees  and  two  ai)ple  trees.  The  most  perfect  and 
apparently  healthy  leaves  were  selected,  and  an  account  kept  as 
to  the  application  to  the  upper  or  under  surface.  No  certain  in- 
fection followed,   though    microscopical  and  other  examiuatioDS 
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show  tliat  leaves  upon  healthy  shoots  may  perish  with  the  disease. 
Had  some  of  these  leaves  shown  infection,  it  would  not  have 
proved  that  this  came  from  external  application,  for  the  epidermis 
might  have  been  freshl}^  ruptured  by  insects  or  otlierwise  and  in- 
oculation  secured.  But  the  experiments  do  tend  to  show  that  the 
virus  is  harmless  on  the  outside  of  the  epidermal  surfaces. 
Neither  does  it  appear  to  gain  access  to  the  inner  tissues  through 
the  stomata. 

In  experiments  nine  and  ten,  large  limbs  with  the  disease  in 
active  progress  were  cut  and  bound  in  among  the  branches  of 
healthy  trees.  No  injury  ensued.  This  was  upon  the  first  day  of 
July  when  the  earth  was  wet  and  the  air  moist  from  the  heavy 
rain  of  the  day  before.  Another  storm  occurred  eight  days  after- 
ward, the  dead  branches  remaining  on  the  trees.  Here  again  in- 
fection might  have  followed  from  inoculation  by  insects,  etc. ;  but 
the  failure  further  supports  the  idea  of  the  non-communicability 
from  without. 

Of  the  total  number  of  experiments  of  which  records  were  kept 
including  application  in  every  way,  thirty-four  and  seventy-eight 
hundredths  per  cent,  were  elfective,  while  of  the  whole  number 
of  inoculations  fifty-two  and  seventeen  hundredths  per  cent,  un- 
mistakablv  communicated  the  disease. 

Thrown  into  tabular  form  the  per  cents,  in  the  foregoing  are  as 
follows  : 


Number 

of 

Ex  peri  men  ts 

30 

\ 

61» 


Kinds 
of  Treos. 


Pear 
Ai>i>le 
Quince 
Total 


Virus 
from  Pear. 


54.00 
30.00 
100. 


Virus 
from  Apple. 


72.00 
None 
None 


Succes.sful 
Inoculations'. 


Kl.OO 
30.00 
100. 


Successful 

Applications 

aW  kinds. 


3>:.80 
20.  GO 
100. 
34.78 


The  close  daily  observations  required  for  the  work,  as  now  de- 
scribed, convinced  me  that  two  popular  opinions  concerning  the 
progress  of  this  disease  are  not  founded  in  fact.  It  is  usually 
sui)posed  that  the  destruction  of  atlected  parts  of  trees  is  very 
sudden.     In  a  recent  paper  by  an  accomplished  scientist  ^^  I  find 


"Professor  W.  S.  Barnard,  First  Roport  Cornell  Experiment  Station,  p.  28. 
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these  words :  '*In  all  jyear-hUghts  there  appears  a  fungus^  but  its 
development  can  only  be  occasioned  by  some  injury,  as  from  ex- 
cessive freezing  or  drying,  and  from  the  ravages  of  animals. 
When  due  to  climatic  influences  usually  a  large  part  or  all  the 
tree  is  aftected  at  once."  Now  as  the  pear  blight  of  which  we 
write  is  so  often  attributed  to  ''climatic  influences,"  this  expres- 
sion gives  voice  to  a  very  commonly  entertained  supposition.  I 
find  tlie  nuirch  of  the  destroyer  very  irregular  in  different  parts  of 
the  same  tree  at  the  same  time,  or  in  the  same  part  at  diU'erent 
times,  but  always  slow.  In  experiment  seven,  visible  indications 
of  the  disease  spreading  both  ways  from  place  of  inoculation  were 
observed  after  seventeen  days  through  the  distance  of  eighteen 
inches,  but  this  is  altogether  exceptional.  Infection  rarel}*  shows 
at  all  under  nine  days  and  after  this  time  an  inch  per  day  is  more 
than  the  average  rate.  But  if  guided  solel}'  by  the  change  of 
color  in  the  leaves,  other  conclusions  would  often  be  reached. 
Ordinarilv,  accord  in  jj  to  my  observations  the  leaves  do  not  become 
black  until  about  two  weeks  after  the  infection  of  the  bark  upon 
the  shoot  which  bears  them,  except  in  the  case  of  very  young  por- 
tions near  the  extremit}'.  On  the  pear  shoot  just  mentioned 
every  leaf  was  still  green  and  fresh  in  appearance  at  the  close  of 
the  seventeenth  day.  The  bark  of  older  trees  has  been  found  un- 
questionably  alfected  throughout  a  length  of  four  feet  while  all 
the  leaves  were  still  green.  In  some  cases  this  may  continue 
during  the  whole  summer  and  recovery  may  sometimes  occur. 

On  old  limbs  and  trunks  covered  with  rough  bark,  the  progress 
of  the  disease  cannot  be  observed  from  external  signs  ;  but  on  the 
growth  of  the  current  season  at  least,  this  is  not  the  case.  The 
color  becomes  darker,  a  water\'  appearance  is  presented  and, 
especially  in  the  early  morning,  little  beads  or  drops  of  white 
gummy  matter  ma}-  be  seen.  Wet  with  rain  or  dew,  this  ex- 
udation spreads  over  the  surface  or  runs  down  the  bark,  dripping 
from  projecting  points. 

Again,  there  has  been  a  prevailing  opinion  that  thunder  storms 
in  some  way  accelerate  the  disease.  It  seems  to  me  some  ex- 
l)lanation  can  now  be  given  for  this  common  but  fallacious  notion. 

The  green  leaves  of  the  shoot  or  tree  become,  from  the  cheeking 
of  the  transpiration,  gorged  with  water  nnd  the  fermentation 
already  in  progress  in  them  quickly  destroys  their  vitality.  How- 
ever this  may  be,  I  have  not  been  able  to  detect  any  certain  varia- 
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tion  in  the  advance  of  the  disease  in  the  tree,  corresponding  with 
changes  in  the  meteorological  conditions.  Doubtless  there  are 
some  such  variations,  but  not  such  as  are  appreciable  on  account 
of  passing  storms.  Even  winter  weather  does  not  offer  complete 
immunity  to  the  trees.  During  two  winters  1  have  watched  the 
slow  progress  of  the  disease  in  the  branches  of  the  same  tree  and 
am  positive  there  was  no  mistake  as  to  the  nature  of  the  phenom- 
ena. In  the  first  case  the  gradual  destruction  was  continued 
during  the  spring ;  in  the  second,  progress  immediately  ceased 
upon  the  expansion  of  the  buds. 

In  many  parts  of  the  country,  patches  of  bark  upon  the  trunks 
of  apple  and  pear  trees,  often  near  the  ground,  are  found  diseased 
or  dead.  Far  too  often  these  extend  around  the  tree  and  put  an 
end  to  its  existence.  This  is  ordinarily  supposed  to  occur  in  win- 
ter.    Is  this  another  form  of  the  blight  of  which  we  treat? 


MICROSCOPICAL. 

The  organism  to  which  we  attribute  the  death  of  our  fruit  trees 
is  so  minute  that  a  magnifying  power  of  two  hundred  diameters  is 
necessarv  to  make  out  its  outline  at  all,  and  one  thousand  diam- 
etors  are  required  for  careful  study.  During  the  course  of  its 
development,  it  assumes  various  shapes,  the  different  forms  usually 
appearing  together  in  the  field  of  the  microscope.  What  seems 
to  be  the  most  characteristic  form  consists  of  two  oblong  joints 
with  rounded  ends,  which  have  a  transverse  diameter  of  about 
Won  o^  *  millimetre.  The  two  articles  usually  seen  together 
have  a  length  of  about  j^^y  of  a  millimetre.  They  are  com- 
paratively thicker  than  Bacterium  termo  and  their  motions  are  less 
rapid.  They  slide  forward  with  a  slightly  undulating  motion,  they 
turn  over  and  on  end,  but  never  glide  across  the  field.  It  is 
impossible  specifically  to  identify  these  creatures  by  form  alone. 
So  far  as  we  now  know,  this  may  be  the  same  as  a  common  omniv- 
orous little  agent  ^^  which  converts  sugar,  amylaceous  matter,  lactic, 
tartaric,  citric,  malic  and  music  acids  and  albuminous  substances 
into  carbon  dioxide,  butyric  acid  and  hydrogen,  whenever  and  wher- 
ever the  conditions  permit.  Should  this  prove  to  be  the  case,  it 
would  not  necessaril}',  if  presumably,  invalidate  its  agency  in  pro- 

"Schutzenberger,  on  FernientatiOB,  p.  209. 
A.  A.  A.  S.|  VOL.  XXIX.  88 
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ducing  this  disease  of  the  pear ;  but  it  might  render  less  hopefnl 
the  discovery  of  remedial  treatment. 

The  most  conspicuous  change  that  can  be  observed  with  the  aid 
of  the  microscope,  in  the  tissues  affected  with  blight,  is  the  dis- 
appearance of  the  stored  starch.  The  cell  walls  are  not  dissolved, 
or  in  any  way  altered  except  the  staining  by  oxygenized  material 
in  later  stages  of  the  disease.  The  protoplasm  of  young  cells 
remains,  until  death  takes  place.  In  older  cells  the  thin  proto- 
plasmic lining  of  the  walls  can  be  made  out  after  the  starch  has 
all  disappeared. 

Unless  the  Bacterium  does  dissolve  for  itself  a  passage  way 
through  the  cell  wall,  it  cannot  possibly  gain  entrance  in  the  adult 
state  ;  3et  they  are  found  swarming  in  cells  absolutely  closed  so  far 
as  a  power  of  one  thousand  diameters  can  reveal.  In  studying  this 
I  have  used  a  Spencer's  one-tenth  of  recent  construction  and  have 
been  unable  to  detect  the  least  corrotling  of  the  cellulose  wall. 
'It  is  scarcely  necessary  to  add  that  the  young  tissues  affected  by 
the  blight  have  in  their  cell  walls  no  open  pores,  such  as  occur  in 
the  cells  of  older  wood  ;  neither  are  there  ducts  or  other  channels 
for  their  passage. 

Accepting  Nageli's  ^^  theory  of  the  molecular  construction  of  the 
cell  wall,  we  can  only  understand  how  these  organisms  pass  from 
cell  to  cell  in  their  deadly  work  by  supposing  their  germs  are  less 
than  the  molecular  openings,  hence  ultra-microscopical,  and  that 
in  this  condition  they  pass  in  water  the  cellulose  barrier,  develop- 
ing into  visibility  within  ;  or,  that  in  the  germ  condition,  they  are 
of  such  plastic  consistency  that,  amoeba-like,  they  are  ablie  to 
creep  through  the  narrow  spaces  between  the  molecules.  It  is 
well  known  that  the  spores  of  many  parasitic  fungi,  e.  ^.,  Pero-^ 
nospora  infestans^  causing  the  potato  rot,  send  through  the  epi- 
dermis of  the  leaf  an  exceedingly  fine  tube  through  which  the 
contents  of  the  spore  pass  and  accumulate  in  the  swelling  end 
of  the  penetrating  tube.  From  the  latter  the  growing  mycelium 
itself  makes  its  way  through  the  walls  of  the  inner  tissues.  The 
minute  opening  in  the  epidermis  becomes  closed,  and  all  indica- 
tions of  the  entrance  are  obliterated.  If  anything  of  this  kind 
occurs  in  the  penetrating  of  our  Bacterium  it  is  upon  too  small  a 
scale  to  be  made  out. 

^«  Sachs*  Text  Book  of  Botany,  £og.  trans.,  p.  588. 
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After  a  cell  has  been  invaded  by  the  moving  particles,  the  first 
thing  noticeable  is  the  agitation  of  the  starch  granules.  They 
swing  to  and  fro  like  the  Brownian  movement  in  small  particles. 
By  passing  under  the  microscope  a  thin  fresh  section  from  the 
healthy  to  the  diseased  parts,  one  can  witness  the  gradual  diminu- 
tion of  the  granules  of  starch  until  they  disappear  entirely  from 
the  cells. 

There  is  absolutely  no  trace  of  other  fungous  growth  in  the  tissues 
examined  by  me  until  after  death  has  taken  place ;  neither  have 
any  been  found  for  several  days  after  this  in  sections  of  twigs  or 
diseased  parts  of  trees  left  in  the  meantime  out  of  doors.  In 
culture  baths,  ordinary  molds  soon  appear  on  the  affected  parts. 
If  the  death  of  the  trees  were  due  to  the  larger  fungi  like  that  of 
the  potato  rot  and  wheat  rust,  surely  some  one  would  have  found 
it.  None  are  too  small  for  the  modern  microscope  and  its  masters, 
nor  too  inscrutable  to  be  past  finding  out ! 

In  very  young  tissues  such  as  the  tips  of  apple  tree  shoots,  all 
parts  except  the  epidermis  seem  to  be  equally  affected  ;  but  la 
older  limbs  the  chlorophyll-bearing  parenchyma  of  the  bark  is  the 
first  and  usually  the  chief  seat  of  the  disease.  The  bast  is  not 
affected  and  not  unfrequently  a  concentric  laj'er  of  bast  cells 
divides  the  healthy  from  the  diseased  parts.  Sometimes  invasion 
through  such  a  close  layer  is  gained  by  way  of  the  medullary  rays. 
Contrary  to  the  usual  opinion,  the  cambium  is  by  no  means  the 
seat  of  the  disease.  This  layer  of  thin  walled  cells  often  retains 
its  vitality  when  all  outside  of  it  perishes,  in  which  case  a  fresh 
layer  of  new  bark  is  sometimes  formed  and  the  limb  or  tree  sur- 
vives. When  the  disease  proceeds  upward,  as  it  often  does,  the 
xylera  or  wood  inside  the  cambium  is  usually  stained  by  the 
ascending  water  colored  in  its  passage  through  the  dying  and 
brown  parts.  The  staining  is  especially  noticeable  in  the  fibro- 
vascular  bundles  which  turn  out  into  the  leaves,  just  where  the 
water  rises  to  supply  the  transpiration  from  the  leaf  surfaces. 
This  stained  wood  may  be  still  healthy  in  every  particular ;  there 
is  no  evidence  of  the  progression  of  the  disease  in  the  wood  itself. 

The  leaves  however  are  invaded  from  the  bark  and  doubtless 
may  be  on  the  other  hand  the  starting  point  of  the  infection.  I 
have  no  direct  experiments  upon  this  point,  but  have  found  in- 
fected and  dying  leaves  on  healthy  stems.     During  dewy  nights 
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infected  leaves  become  smeared  with  the  exuding  virus  which 
upon  drying  looks  like  varnish.  This  dried  material  retains  its 
vitality  for  some  time,  but  how  long  is  not  known.  When  moist- 
ened with  water,  the  bacteria  move  as  usual  and  otherwise  exhibit 
every  characteristic  of  life. 

CHEMICAL. 

My  colleague,  Professor  H.  A.  Weber,  kindly  undertook  to  de- 
determine  for  me  the  kind  of  fermentation  which  takes  place  in 
the  diseased  bark.  He  found,  first,  that  carbon  dioxide  is  abund- 
antly given  off,  and  that  in  tliis  respect  the  affected  bark  differs 
wholly  from  that  in  tl)e  healthy  condition.  Secondly,  butyric 
acid  was  determined  as  a  considerable  product  of  the  fermentation. 
This  turned  my  attention  to  the  published  accounts  of  the  butyric 
fermentation  of  organic  products.  Among  the  earliest  and  best 
known  are  those  of  Pasteur  ^^  of  France,  upon  sugar  and  calcium 
lactate.  He  traced  the  changes  observed  to  the  action  of  a  mi- 
nute organism,  which  received  the  name  of  vibn'on  hutyriqxie. 

In  1<S50  Mitscherlich '^  of  German}^  communicated  to  the  Acad- 
emy at  Berlin  his  studies  upon  the  fermentation  of  cellulose  and 
lexpressed  the  opinion  that  it  was  due  to  a  particular  living  atom 
which  he  found  in  the  fermenting  material.  Fifteen  years  after- 
ward, Trecul  of  France  fouud  in  macerated  vegetable  substances  a 
living  organism  which  he  believed  arose  spontaneously  by  a  direct 
transformation  of  the  protoplasm  of  the  closed  cells.  To  this  he 
gave  the  name  of  Arnylobacter,  after  assuring  himself  that  in  a  cer- 
tain stage  of  its  existence  it  stored  starch  within  itself.  In  1877, 
Van  Tieghem^"  of  France  transferred  this  living  thing  to  the  genus 
Bacillus,  naming  it  Bacillus  amylobncter.  From  observations 
upon  it  he  satisfied  himself  that  it  could  and  did  penetrate  the  cell 
wall  in  the  adult  condition,  thus  overthrowing  as  he  thought  the 
theory  of  spontaneous  origin.  Here  the  battle  wages.  Trcvcul*® 
still  holds  his  first  opinion  and  criticises  Van  Tieghom's  proofs. 

In  June,  1879,  Prazmowski  *^of  Leipzig  announced  that  this  Ba- 
cillus amylobacter  produced,  in  the  fermentation  of  carbonaceous 
substances,  butyric  acid,  and  forthwith  concluded  that  it  was  iden- 

"CompteH  lUMitlu!^,  t.  .V2,  p.  341  (18<>I)  and  SchlitzenUerger,  on  FcnnenlaUon,  p.  213. 

i«C«tiii|.le>  Kcinlus,  t.  t^,  p.  2():>,  I.  Gl,  pp.  l.Vi  and  «(!,  t.  <>5,  p.  513. 

»•  Bulletin  de  hi  Societe  botanifpie,  March  -23,  1.^77.    Conii)tos  licnd.,  t.  Sii,  p.  205. 

"ConipU'JS  Hondus.  t.  88,  p.  401,  187y. 

u  Compter  Kcndus,  t.  SU,  p.  5,  187*J. 
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tical  with  the  Vibrio  described  by  Pasteur.  Van  Tieghem  confirms 
this,  and  it  now  appears  probable  that  the  butyric  fermentation  of 
at  least  all  dead  carbonaceous  compounds,  sohible  or  insoluble,  is 
directly  or  indirectly  produced  by  the  same  wonder-working  little 
creature.  Does  it  now  extend  its  dominion,  and  conquering  the 
life  forces  of  our  trees  seize  upon  their  treasured  products  and 
ruthlessly  appropriate  them  to  uses  of  its  own?  Whether  this 
microscopic  organism  of  the  pear  blight  proves  to  be  the  same  as 
that  described  or  not,  the  evidence  now  given  of  disease  in  plants 
produced  by  bacteria  contributes  something  to  the  germ  theory 
of  disease  m  animals  and  may  lead  to  very  important  scientific 
and  practical  results. 

In  closing,  I  wish  gratefully  to  acknowledge  valuable  suggestions 
from  and  assistance  by  Dr.  II.  J.  Detmers,  commissioned  by  the 
department  of  agriculture  at  Washington  to  investigate  the  dis- 
eases of  domestic  animals,  and  who  is  the  author  of  a  most  im- 
portant report  upon  Swine  Plague  or  Hog  Cholera. 


Field  Work  by  Amatecus.     By  Ellen  Hardin  Walworth,  of 
Saratoga  Springs,  N.  Y. 

It  is  announced,  I  believe,  that  one  of  the  aims  of  this  Associa- 
tion is  to  make  natural  science  popular,  to  encourage  its  pur- 
suit among  all  classes  of  people.  It  is  because  I  have  such  an 
understanding  of  its  aims,  that  I  presume  to  speak  a  word  in  behalf 
of  the  class  who  love  science,  yet  can  give  to  it  but  a  limited  por- 
tion of  their  time  and  thoughts. 

Such  a  class  of  persons  are  important  factors  in  the  develop- 
ment of  every  department  of  knowledge  and  art.  The  professor, 
the  artist,  the  specialist  may  have  higher  aims,  the3'^  certainly  do 
more  thorough  work,  yet  they  would  scarcely  be  understood,  a^v 
predated  and  encouraged  if  there  did  not  exist  the  intermediate 
class  who  admire,  applaud  and  exhibit  the  work  they  cannot 
themselves  perform. 

I  therefore  deprecate  the  scorn  with  which  the  professional  too 
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often  contemplates  the  dabbler  in  his  specialty,  as  he  will  perhaps 
designate  the  amateur.  "A  little  knowledge  is  a  dangerous 
thing,"  only  when  it  is  pretentious.  A  mere  elementary  knowledge 
of  any  natural  science  is  a  proposition  from  which  reason  starts ; 
it  is  a  foundation  on  which  thought  builds,  and  a  height  from 
which  imagination  takes  its  flight.  It  is  an  educator  in  all  other 
knowledge  because  it  demands  attention,  observation  and  accuracy 
with  well  defined  expression. 

How  can  the  popular  interest  in  science  be  stimulated  and  in- 
creased? A  majority  of  educated  people  shrink  with  aversion 
from  the  memory  of  tasks  performed  at  school.  The  bare  men- 
tion of  a  natural  science  recalls  pages  of  unpronounceable  words 
and  incomprehensible  classifications ;  yet  if  a  practical  geologist 
or  botanist  will  take  any  three  of  these  individuals  into  the  field 
with  him  and  beguile  them  into  breaking  rocks  or  gathering  flow- 
ers scientifically,  two  out  of  ever}'  three  will  be  delighted  with  the 
occupation  and  will  strive  to  recall  the  classical  names  which  in- 
spired them  with  disgust  while  they  were  merely  theoretical.  It 
is  then  only  while  science  is  an  abstraction,  that  it  repels ;  render 
it  practical  and  it  invariabh'  attracts. 

In  every  city  and  village  of  our  country  we  find  numerous  clubs 
and  societies  devoted  to  special  objects  of  literature  and  art,  and 
a  few  to  science.  These  last  are  rare, —  they  would  be  numerous 
and  active  if  slight  encouragement  were  given  to  them  by  those 
who  have  the  ability  to  guide  and  direct.  Such  clubs  and  asso- 
ciations should  begin  with  a  short  and  well  directed  course  of 
reading,  accompanied  if  possible  by  a  few  interesting  lectures  as 
a  preparation  for  field  work,  which  should  not  be  delayed  through 
timidity  or  a  feeling  of  ignorance.  A  few  visits  to  the  field,  by  a 
geological  club,  will  serve  to  arouse  enthusiasm  and  inspire  a  de- 
sire for  research  which  months  of  reading  would  not  accomplish. 
It  cannot  be  urged  that  man}-  live  in  localities  where  there  is 
nothing  to  study,  fori  believe  it  may  be  safel}'  stated  that  uninves- 
tigated scientific  facts  lie  over  and  under  every  square  mile  of  the 
United  States.  Yet  I  have  heard  the  members  of  a  geological 
club,  who  studied  exclusively  in  the  class  room,  make  such  a  plea. 
When  visiting  their  city  I  said  to  one  of  them,  *'\Vhat  rocks  have 
you  in  this  vicinity?"  The  person  addressed  looked  at  me  with 
unqualified  surprise  and  answered,  **  We  have  none."  I  exclaimed, 
'*You  have  a  river,  and  hills,  and  many  railroad  cuttings ;    the 
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foundation  of  things  must  be  visible  somewhere."  But  this  in- 
dividual insisted  that  there  was  absolutely  nothing  to  examine 
within  walking  or  driving  distance  of  that  city.  There  is,  of 
course,  a  difference  in  var^'ing  localities.  In  Davenport,  Iowa, 
where  there  is  now  a  well  established  Academy  of  Science,  locat- 
ed iu  its  own  fine  building,  and  displaying  a  great  museum,  a  few 
years  ago  tliere  were  but  half  a  dozen  persons  who  met  in  a  hired 
room  to  talic  informally  about  science.  They  soon,  however,  be- 
gan collecting  and  investigating  in  the  suburbs  of  their  city  ;  it  is, 
as  you  know,  the  region  of  ancient  mounds.  Their  discoveries 
have  been  remarkable  and  valuable. 

In  Saratoga  Springs  where  I  reside,  we  have,  in  a  limited  way, 
an  interesting  geological  region,  and  we  have  an  active  field  club. 
It  labors  under  disadvantages,  having  had  no  regular  instruction, 
and  no  course  of  lectures,  but  it  has  been  assisted  by  two  gentle- 
men who  have  had  some  experience  in  geological  research.  As 
this  club  is  now  established  upon  an  apparently  permanent  basis, 
some  accounts  of  its  efforts  may  not  be  amiss.  There  are  between 
thirty-five  and  forty  members,  the  larger  number  studying  geol- 
ogy, a  few  botan\%  and  others  who  are  studying  art  accompany 
these  to  sketch  from  nature.  This  community  of  interest,  among 
those  who  are  pursuing  different  studies,  has  the  advantages  of 
economy  in  the  hiring  of  vehicles  and  in  the  purchase  of  instru- 
ments like  the  microscope,  which  can  be  used  in  common.  The 
Saratoga  Field  Club  make  excursions  into  the  country  every  Sat- 
urday when  the  weather  is  favorable  for  field  work ;  they  also 
have  in-door  meetings  once  a  week,  to  compare  and  examine  speci- 
mens ;  papers  are  then  read  on  subjects  relating  to  special  objects 
of  stud}',  and  discussion  and  conversation  concerning  them  are  en- 
couraged. Meetings  are  also  held  during  the  winter  preparatory 
to  the  summer  work. 

We  have  in  Saratoga  the  rocks  of  theLaurentian,  the  Lower  Si- 
lurian, of  the  drift,  the  Champlain  and  Hudson  river  periods. 
But  in  the  Laurentian  granite  alone  there  is  an  endless  variety  for 
those  who  are  interested  in  minerals.  Then,  too,  one  experiences 
a  certain  awe  in  handling  the  oldest  rocks  that  formed  a  boundary 
of  the  world's  first  continent.  The  gloom  of  that  almost  lifeless 
age  seems  still  to  creep  along  the  dark  scant  foliage  that  strives 
to  cover  the  baldness  of  these  venerable  rocks.  Worn  and  ground 
by  the  action  of  ages  they  display  few  picturesque  forms,  but 
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strength  and  endurance  seem  moulded  into  shape  among  their 
rounded  hills ;  while  nestling  among  their  unattractive  gray 
shadows  are  found  the  garnet,  the  chrysoberyl,  the  tourmaline 
and  other  beautiful  gems.  The  Potsdam  Sandstone  lying  above 
the  granite,  shows  great  variety  and  beauty  of  color,  and  Ruskin 
says  very  justly  "  that  nature  tempts  us,  like  foolish  children  as 
we  are,  to  read  her  books  by  the  pretty  colors  in  them."  The  rip- 
ple marks  and  glacial  scratches  of  this  rock  are  also  countless  and 
interesting.  The  calciferous  sand  rock  coming  next  in  succession, 
and  upon  which  the  western  half  of  our  village  rests,  is  in  many 
places  brilliant  with  crystals  and  finely  marked  with  fucoids ;  it 
bears  also  whole  acres  of  the  marvellous  concentric  stromatopora 
which  is  peculiar  to  this  vicinity.  The  Trenton  limestone  next 
above  this  is,  as  usual,  rich  in  fossils,  and  an  afternoon  amid  its 
quarries  will  render  the  members  of  the  Field  Club  oblivious  of 
heat  or  cold  or  fatigue,  in  their  search  for  crinoids,  brachiopods, 
and  trilobites.  Such  interest  is  scarcely  diminished  in  their 
laborious  wanderings  in  other  directions  among  the  Hudson  river 
slates  and  shales  for  the  rarely  found  graptolites.  The  moraines 
and  pebble-laden  hills  of  the  drift  period  are  sought  out  and  dis- 
cussed. The  sands  of  the  Champlain  and  the  terraces  of  the 
Hudson  river  periods  are  subjects  for  thought  and  surmise,  as  we 
ride  over  the  country  toward  some  definite  object  of  investigation. 
The  great  geological  fault  which  has  given  birth  to  our  justly  re- 
nowned mineral  springs,  coming  forth  as  they  do  from  the  hidden 
fossil  oceans  of  the  buried  centuries,  stimulates  us  to  ponder  and 
to  inquire. 

Yet  for  years  most  of  the  members  of  this  club  walked  blindly 
through  these  treasures,  seeing  but  not  observing,  knowing  but 
not  seeing.  A  new  world  has  been  opened  to  them,  and  this 
world  of  nature  and  of  science  would  be  a  revelation  to  hundreds 
of  others  if  they  were  induced  to  engage  in  out-of-door  studies. 
The  public  mind  has  been  awakened  to  an  interest  in  science 
by  means  of  the  popular  lectures  delivered  by  men  of  acknow- 
ledged fame,  and  also  through  numerous  popular  publications. 
These  have  been  a  preparation  for  field  work  which  can  now  be 
pursued  with  enthusiasm  and  profit.  A  search  for  geological  facts 
in  the  fields  affords  an  admirable  means  of  self-discipline.  In 
the  beginning  each  one  sees  all  that  he  seeks,  and  believes  that 
all  he  sees  is  of  immense  value,  or  he  goes  to  the  other  extreme 
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and  pronounces  everything  worthless.  He  will  be  vexed  with 
himself,  amused  and  mortified  by  turns,  but  each  blunder  will  be 
an  important  lesson,  and  soon  he  will  begin  to  discriminate,  to 
learn,  and  to  search  until  he  finds  himself  like  the  hunter  in  pur- 
suit of  game,  eager,  excited,  and  ever  ready  for  a  new  chase. 

When  the  guidance  of  a  professor  of  geology  cannot  be  secured, 
much  may  still  be  done  with  the  use  of  proper  text  books,  and 
the  state  geological  surveys ;  especially  if  there  are  a  few  men  and 
women  in  the  association  who  have  some  experience  in  field  work. 
In  every  community  a  few  gentlemen  will  be  found  who  possess  such 
knowledge.  It  is  a  deplorable  fact  that  few  women  possessing 
such  knowledge  can  be  found  in  any  community ;  except,  of 
course,  in  Boston.  I  say  deplorable,  because  scientific  training  is, 
of  all  others,  that  which  women  need  to  correct  the  defects  which 
as  a  class  they  display ;  defects  which  have  become  inherent 
through  continuous  superficial  training.  In  this  case  like  must 
cure  like,  for  it  will  require  several  generations  of  women  gradu- 
ally trained  to  scientific  methods  of  thought  and  investigation  to 
eradicate  the  slip-shod  mental  habits  of  the  women  of  to-day.  A 
few  are  struggling  toward  better  and  clearer  ways,  but  the  dif- 
ficulties to  be  overcome  prove  the  low  standard  of  their  starting 
point.  Is  it  right  that  woman  should  be  ignorant  of  the  scientific 
facts  embodied  in  the  useful  and  beautiful  things  she  handles?  If 
these  facts  are  of  value  to  the  world,  they  are  of  value  to  women 
individually. 

Invite  women,  then,  to  enter  upon  this  field  of  labor,  and  science 
will  gain  thereby.  Enlist  the  enthusiasm,  the  self-sacrifice  and 
vitality  of  women  in  the  cause  of  science,  and  a  new  principle  will 
stir  the  remotest  members  of  the  body  of  scientific  knowledge. 

The  effect  of  this  labor  upon  the  lives  of  women  is  beyond  cal- 
culation. Where  they  are  now  weak  both  physically  and  men- 
tally they  will  become  vigorous  and  strong,  where  they  are  com- 
plaining and  sentimental  they  will  grow  cheerful  and  wise.  Their 
restless  longings  will  move  into  healthful  channels,  and  they  will 
learn  to  think,  to  observe,  and  to  perform,  with  accuracy  and  de- 
liberation. They  will  discover  that  the  ability  to  learn  and  to  do 
is  not  a  mere  knack  to  be  caught,  but  that  it  is  the  result  of  con- 
tinuous and  painstaking  labor. 

Believing  as  I  do,  that  a  practical  knowledge  of  natural  science 
will  do  more  for  the  advancement  and  emancipation  of  woman 


602       FIELD  WORK   BY   AMATEURS  ;    BY   ELLEN   H.   WALWORTH. 

than  any  laws  that  can  be  made,  or  any  rights  which  can  be  grant- 
ed to  her,  I  appeal  to  the  learned  gentlemen  of  this  association  to 
invite  and  encourage  woman  to  labor  in  the  various  departments 
of  scientific  investigation.  The  progress  of  woman  depends  on 
the  exercise  and  discipline  of  her  mental  powers,  and  the  proper 
expenditure  and  economy  of  her  physical  powers.  Both  are  to 
be  obtained  mainly  through  a  knowledge  of  the  natural  sciences, 
and  these  will  take  and  retain  their  hold  upon  her  most  readily 
by  means  of  out-of-door  work. 

There  are  also  many  men  engaged  in  the  professions  and  in 
business  who  would  make  time  for  open  air  excursions,  if  they 
thought  a  stud}'  of  natural  objects  feasible. 

In  such  studies  of  local  geology  the  amateur  may,  by  chance, 
make  valuable  discoveries,  and  he  may  in  time  become  enlisted  as 
an  enthusiast  and  specialist. 

Goethe  sa^^s,  that  in  science  "  treatment  is  nothing,  all  effect  is 
in  discovery  ;  every  new  phenomenon  that  is  observed  is  a  discov- 
ery, and  every  discovery  a  property."  If  then  it  is  allowable  and 
desirable  for  amateurs  to  stud}'  science  practically,  it  is  import- 
ant for  them  to  receive  suggestions  and  instruction  from  pro- 
fessors and  specialists.  In  botany,  several  American  publications 
have  been  issued  which  serve  as  admirable  guides  for  such  per- 
sons. In  geology,  I  know  of  but  one  popular  book  on  field  work  ; 
that  is  an  English  publication.  We  need  one  especially  adapted  to 
American  geology.  A  series  of  articles  published  in  one  of  the 
popular  magazines  and  bearing  a  name  of  authority  would  give  a 
wholesome  impetus  to  this  work,  and  would  reach  many  persons 
who  desire  information  concerning  it.  These  vague  desires  and 
feeble  reachings  after  such  knowledge  should  be  noticed  and 
cherished,  for  in  these  there  may  exist  some  of  the  future  discov- 
eries and  triumphs  of  science. 
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OP 


MR.  SAMUEL  n.  SCUDDER, 

AS  PIIESIDENT  OF  THE  ENTOMOLOGICAL  CLUB  OF  THE   ASSOCIATIOX, 
AFTERWARDS  THE  SL'BSECTIOX  OF  ENTOMOLOGY. 


Ladik9  and  Gentlemen: — 

It  is  the  trood  fortune  of  vour  President  on  this  occasion  to 
welcome  von  to  his  native  heath,  where  onr  favorite  science  has 
been  longer,  more  uninterruptedly^  and,  perhaps  more  zealously  cul- 
tivated, than  anywhere  else  in  the  new  world.  Here,  in  the  last 
century.  Peck  studied  the  canker-worm  and  the  slug- worm  of  the 
cherry,  and,  in  late  years  Rhynchaenus,  Stenoconis  and  Cossus 
—  all  highly  destructive  insects.  Here  lived  Harris,  who  cultivated 
entomology  in  its  broadest  sense,  and  whose  classic  treatise  was 
the  first  important  government  publication  on  injurious  insects 
Here,  to-day,  we  have  two  associations  for  our  work,  consisting,  it 
will  be  confessed,  of  nearly  the  same  individuals,  and  not  man}'  of 
them,  but  meeting  frequently — one  in  Boston,  the  other  in  Cam- 
bridge. Harvard  acknowledges  the  claims  of  our  study  in  sup- 
porting not  only  an  instructor  in  entomology  at  its  Agricultural 
School,  but  a  full  professor  of  the  same  in  the  University  at 
large. 

Harris  attribute<l  to  Peck  his  special  interest  in  entomology,  and 
his  first  paper,  that  on  the  salt-marsh  caterpillar,  appeared  in  the 
Massdchu setts  Agricultural  Repository  only  four  years  after  Peck's 
last,  in  the  same  magazine,  on  cherry  and  oak  insects.  How 
many  of  us  have  drawn  our  first  inspiration  from  Harris?  Yet 
probably  not  one  of  our  local  entomologists  ever  saw  him.     The 
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general  direction  of  Harris's  studies  doubtless  arose  from  the  pred- 
ilections of  his  instructor ;  and  the  unprecedenteii  growth  of 
economic  entomology  in  this  countr}-,  where  it  flourishes  as 
nowhere  else,  must  be  credited  primarily  to  the  influence  of  Harris's 
work.  With  every  temptation  whicli  the  wealth  of  new  material 
about  him  could  give,  or  which  a  very  extensive  correspondence 
WMth  naturalists  devoting  themselves  almost  exclusively  to  syste- 
matic work,  like  Say,  would  naturally  foster,  he  wisely  followed 
the  bent  given  his  studies  by  his  early  training  under  Peek,  and 
left  a  better  example  and  a  more  generous  and  enduring  influence. 

In  our  own  day,  the  spreading  territory  of  the  United  States, 
the  i)enetration  of  its  wilds,  and  the  intersection  of  its  whole  area 
by  routes  of  travel,  the  wider  distribution  and  greatly  iucreaseil 
numbers  of  local  entomolojjists,  as  well  as  the  demand  for  our 
natural  products  abroad,  have  set  also  before  its  the  same  tempta- 
tion to  stud}'  only  new  forms  and  to  cultivate  descriptive  work,  to 
the  neglect  of  the  choicer,  broader  fields  of  an  ever-opening  science. 
It  is  to  this  danger  I  venture  briefl}'  to  call  your  attention 
to-day,  not  by  way  of  disparaging  the  former,  but  rather  in  the 
hope  that  some  of  our  younger  members,  who  have  not  yet  fallen 
into  the  ruts  of  work,  may  be  induced  to  turn  their  attention  to 
some  of  the  more  fruitful  fields  of  diligent  research. 

We  should  not  apply  the  term  descriptive  work  merely  to  the  study 
of  the  external  features  of  insects.  The  great  bulk  of  what  passes 
for  comparative  anatomy,  physiology  and  embryology,  is  purely 
descriptive,  and  is  only  to  be  awarded  a  higher  grade  in  a  scale  of 
studies  than  that  which  deals  with  the  external  properties,  when  it 
requires  a  better  training  of  the  hand  and  eye  to  carry  it  out  and 
greater  patience  of  investigation.  We  pass  at  once  to  a  higher 
grade  of  research  when  we  deal  with  comparisons  or  processes 
(which,  of  course,  involve  comparisons).  All  good  descriptive 
work,  indeed,  is  also  comparative  ;  but  at  the  best  it  is  so  only  in 
the  narrowest  sense,  for  only  intimately  allied  forms  are  compared. 
In  descriptive  work  we  deal  with  simple  facts;  in  comparative 
work  we  deal  with  their  collocation.  ^'Facts,'*  said  Agassiz,  one 
day,  ''Facts  are  stupid  things,  until  brought  in  connection  with 
some  general  law." 

It  is  to  this  higher  plane  that  concerns  itself  with  general  laws 
that  I  would  urge  the  young  student  to  bend  his  steps.  The  way 
is  hard  ;  but  in  this  lies  one  of  its  charms,  for  labor  is  its  own 
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reward.  It  is  by  patient  plodding  that  the  goal  is  reached  ;  every 
step  costs  and  counts  ;  tlie  ever-broadening  field  of  knowledge 
exliilnrates  the  spirit  and  intensifies  the  ambition  ;  there  is  no  such 
thing  as  satiety  —  study  of  tliis  sort  never  palls. 

It  is  hardly  necessary  to  point  out  that  so-called  systematic 
work  never  reaches  this  grade  unless  it  is  monographic ;  unless  it 
deals  in  a  broad  way  with  the  relationship  and  general  affinities  of 
insects.  It  is  not  my  purpose  to  call  attention  here  to  the  needs 
of  science  in  this  department,  as  the}'  are  too  patent  to  escape- 
observation  ;  but  if  one  desires  a  model  upon  which  to  con* 
struct  such  work,  one  need  not  look  further  than  the  Revision 
of  the  Khvnchophora  bv  Drs.  LeConte  and  Horn.  Rather  tlian 
linger  here,  we  prefer  to  pass  directly  to  some  of  the  obscurer 
fields  of  stud  v. 

When  we  compare  the  number  of  insect  embryologists  in 
America  with  that  of  their  European  colleagues,  the  result  is  some- 
what disheartening  and  discreditable  ;  although  perhaps  the  com- 
parison would  not  be  quite  so  disproportionate  were  some  of  our 
students  to  publish  their  notes.  But  take  all  that  has  been  done 
upon  both  sides  of  the  water,  and  what  a  meagre  showing  it  makes. 
Of  how  many  families  of  Goleoptera  alone  have  we  the  embryonic 
history  of  a  single  species?  Of  two  of  the  four  families  of  butter- 
flies, the  fertile  eggs  of  which  are  perfectly-  easy  to  obtain,  nothing 
is  known.  In  short,  one  ma}'  readily  choose  numbers  of  typical 
groups  whose  embryonic  history  would  be  a  great  acquisition  to 
science.  Here  is  a  broad  field.  From  the  special  range  of  ni}-  own 
studies  let  me  recommend  to  any  one  eager  for  this  work  to  choose 
the  eggs  of  our  common  copper  butterfl}',  which  she  will  lay  to- 
order  on  sorrel,  and  the  earlier  stages  of  which  can  be  obtained 
from  the  parent  at  two  or  three  different  times  of  the  year  ;  or  the- 
eggs  of  any  of  our  common  skippers,  which  deposit  on  grass,  and 
which  are  equally  easy  to  obtain,  although  only  once  a  year.  Or,. 
if  we  turn  to  Orthoptera,  the  eggs  of  our  common  Oecanthus,  con- 
cealed all  winter  in  raspberry'  twigs,  are  more  transparent  and 
more  easily  obtained  than  those  of  any  other  cricket;  and  our 
knowledge  of  the  embryology-  of  any  of  the  Gr^'llidae  is  very  frag- 
mentary, and  of  this  particular  tribe,  ?///.  Better  still,  perhaps, 
would  be  the  choice  of  our  common  walking-stick,  as  it  belongs  to 
a  bizarre  and  isolated  type,  now  known  to  be  of  very  ancient  an- 
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cestiy,  and  of  whose  embryonic  liistory  nothing  has  been  published. 
I  have,  indeed,  a  few  incomplete  notes  upon  this  insect,  but  they 
relate  wholly*  to  a  late  i)eriod  of  development,  and  were  made  be- 
fore the  time  of  the  microtome,  when  work  over  such  coarse-shelled 
eggs  was  very  difficult  and  unsatisfactory.  The  eggs  may  be  read- 
ily procuretl,  the  insects  being  abundant  in  scrub-oak  fields;  the 
mother  drops  the  eggs  loosely  on  the  ground,  and  from  imprisoned 
specimens  I  have  procured  scores  in  a  single  season.  An}'  one 
who  will  y:lance  over  the  history  of  what  has  been  done  in  insect 
embryology  will  be  al)le  U)  select  a  hundred  examples  as  important 
and  as  easy  to  obtain  as  those  already  named,  and  by  concen- 
trating  his  work  upon  them  will  do  better  service  than  in  aimless 
selection  of  what  uuiy  comX'  to  his  hands. 

In  following  the  post-embryonal  histor}'  of  insects  there  is  work 
for  all.     While  allied  forms  have  in  general  a  very  similar  devel- 
opment, there  are  so  many  whit-li  are  unexpectedly  found  to  ditfer 
from  one  another,  that  every  addition  to  our  knowledire  of  the  life 
histories  of  insects  is  a  gain,  nnd  they  are  to  be  praised  who  give 
their  close  attention  to  this  matter.     Here  is  a  field  any  entomol- 
ogist,  even  the  most  unskilled,  may  cultivate  to  his  own  advan- 
tage and  with  the  assurance  that  every  new  history  he  works  out 
is  a  distinct  addition  to  the  science.     The  importance  of  an  accu- 
mulation of  facts  in  this  field  can  hardlv  be  overestimated,  and 
those  whose  opportunities  for  field  woik  are  good  should  espec- 
ially take  this  suggestion  to  heart.     Nor,  by  any   means,  is  the 
work  confined   to  the  mere  collection  of  facts.     How  to  account 
for  this  extraordinary  diversity  of  life  and  habits  among  insects, 
what   its    meaning    nuiy  be,  is  one  of  the  [)roblems  of  the  evo- 
lutionist.    There  are  also  here  some  specially  curious  inquiries,  to 
which  Sir  John   Lubbock  and   others   have  recently  called  atten- 
tion, and  to  which  Mr.  Uiley  has  contributed  in   this  country  by 
his  history  of  Ei)icauta  and  other  JMeloidae.     I  refer  to  the  ques- 
tions   connected    with    so-called    hypernietamorphosis  in  insects. 
In  these  cases  there  are  changes  of  Ibrm  during  the  larval  period 
greater  than  exist  between  larva  and  pupa,  or  even  between  larva 
and  imago,  in  some  insects.     There  are  also  slighter  changes  tliau 
these  which  very  many  larvae  undergo ;  indeed,  it  may  safely  be 
asserted  that  the   newly-hatched  and  the  mature  larvae  of  all   ex- 
teriuil  feeders  diller  from  each  other  in  some  im[)ortant  features. 
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The  differences  are  really  great  (when  compared  to  the  differences 
between  genera  of  the  same  family  at  a  similar  time  of  life)  in  all 
lepidopterous  larvae,  as  well  as  in  all  Orthoptera  which  have  come 
under  my  notice.  No  attempt  to  coordinate  these  differences,  or 
to  study  their  meanings,  or  to  show  the  nature  of  their  evident 
relationship  to  hypermetamorphosis,  has  ever  been  made. 

Not  less  inviting  is  the  boundless  region  of  investigation  into 
the  habits  of  insects  and  their  relation  to  their  environment. 
The  impulse  given  to  these  studies  by  the  rise  of  Darwinism,  and 
the  sudden  and  curious  importance  they  have  assumed  in  later  in- 
vestigations into  the  origin  and  kinship  of  insects,  need  only  to  be 
mentioned  to  be  acknowledged  at  once  by  all  of  you.  The  varia- 
tion in  color  and  form  exhibited  bv  the  same  insect  at  different 
seasons  or  in  different  stations,  ''  sports,"  the  phenomena  of 
dimorphism,  and  that  world  of  differences  between  the  sexes, 
bearing  no  direct  relation  to  sexuality  ;  mimicry  also,  phosphores- 
cence and  its  relations  to  life,  the  odors  of  insects,  the  relation  of 
anthophilous  insects  to  the  colors  and  fructification  of  flowers,  the 
modes  of  communication  between  members  of  communities,  the 
range  and  action  of  the  senses,^  language,  commensalism, — these 
are  simply  a  few  topics  selected  quite  at  random  from  hundreds 
which  might  be  suggested,  in  each  of  which  new  observations  and 
comparative  studies  are  urgently  demanded. 

The  fundamental  i)rinciples  of  the  morphology  of  insects  were 
laid  do>vn  by  Savigny  in  some  memorable  memoirs  more  than 
sixty  years  ago ;  the  contributions  of  no  single  author  since  that 
time  have  added  so  much  to  our  knowledge,  notwithstanding  the 
aid  that  embryology  has  been  able  to  bring.  Nevertheless  there 
remain  many  unsolved  problems  in  insect  morphology  which  by 
their  nature  are  little  likely  to  receive  help  from  this  source.  Let 
me  mention  three : 

The  first  concerns  the  structure  of  the  organs  of  flight.  The 
very  nomenclature  of  the  veins  shows  the  disgraceful  condition 
of  our  philosophy  of  these  parts  :  the  same  terminology  is  not 
employed  in  any  two  of  the  larger  sub-orders  of  insects ;  names 
without  number  have  been  proposed,  rarely  however  by  any  author 
with  a  view  to  their  ai)plicability  to  any  group  outside  that  which 

1  Notice  Meycr'rt  beautiftil  ((tuilics  on  the  perceplion  of  sound  by  the  mosquito. 
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formed  his  special  study  ;  and  a  tabular  view  which  should  iUus- 
trate  thcni  all  would  be  a  curious  sight.  A  careful  study  of  the 
main  and  subordinate  veins,  their  relations  to  each  other,  to  the 
different  regions  of  the  wing,  to  the  supporting  parts  of  tlie  tho- 
rax and  to  the  alar  muscles,  should  be  carried  through  the  entire 
order  of  insects  ;  by  no  means,  either,  neglecting  their  develop- 
ment in  time,  and  possibly  deriving  some  assistance  in  working 
out  homologies  l)V  the  study  of  their  hypodermic  development. 

The  second  concerns  the  mouth  parts.  The  general  homologies 
of  these  oro^ans  were  clearlv  and  accurately  enoujjh  stated  bv 
Savigny,  though  one  may  perhaps  have  a  right  to  consider  the 
last  word  not  vet  said  when  one  recalls  Saussure's  recent  claim  to 
have  found  in  Ilemimerus  a  second  labium.  What  I  refer  to,  how- 
ever, is  another  point:  it  relates  to  the  appendages  of  the  max- 
illae and  the  labium.  Considering  the  labium  as  a  soldered  pair 
of  secondar}'  maxillae,  we  have  at  the  most,  on  each  pair  of 
maxillae,  three  appendages  upon  either  side.  These  appendages, 
as  you  know,  are  very  variousl}-  developed  in  different  sub-ordei*3 
of  insects,  or  even  in  the  same  sub-order ;  and  it  has  at  least  not 
been  shown,  and  I  question  if  it  can  be  done,  that  the  parts  bear- 
ing similar  names  in  ditferent  sub-orders  are  always  homologous 
organs.  Here  is  a  study  as  broad  and  perhaps  as  difficult  as  the 
last. 

The  third  is  the  morphological  significance  of  monstrosities, 
especialU'  of  such  as  are  termed  monstrosities  by  excess.  The 
literature  of  the  subject  is  very  scattered,  and  the  material  much 
more  extensive  than  many  of  you  may  think.  At  present  this 
subject  is,  so  to  speak,  only  one  of  the  curiosities  of  entomology, 
but  we  may  be  confident  that  it  will  one  day  show  important  rela- 
tions to  the  story  of  life. 

After  all  the  labors  of  Ilerold,  Trcviranus,  L\onet,  Dufour,  and 
dozens  of  other  such  industrious  and  illustrious  workers,  some  of 
you  would  perlmps  ask  :  Is  there  anything  important  remaining  to 
be  done  in  the  gross  anatomy  of  insects?  Let  the  recent  work  of 
some  of  our  own  number  answer,  which  has  shown  in  the  Heniip- 
tera  and  Le})idoptera  the  existence  of  a  curious  pumping  arrange- 
ment by  which  nutritious  fluids  are  forced  into  the  stomach.  It 
is  certainly  strange  that  after  all  that  has  been  said  as  to  the  mode 
in  which  a  butterfly  feeds,  that  no  one  should  have  dissected  a 
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specimen  with  sufficient  care  to  have  seen  the  pharyngeal  sac 
which  Mr.  Burgess  will  soon  show  us.  No !  the  field  is  still  an 
o[yQn  one,  as  the  annual  reviews  clearly  show.  The  curious  results 
of  Flogel's  studies  of  the  brain,  the  oddly  constructed  sense- 
organs  found  by  Graber  and  Meyer  (early  noticed  briefly  by 
Leydig)  in  the  antennae  of  Dipt^ra,  the  important  anatomical  dis- 
tinctions discovered  by  Forel  in  different  groups  of  ants,  the 
strange  modification  of  the  tip  of  the  spiral  tongue  in  Ophideres, 
which  Darwin,  Brcitenbach  and  Kiinckcl  have  discussed,  and, 
alx)ve  all,  the  extensive  investigations  of  the  nervous  s^^stem  in 
insects,  generally,  which  Brandt  has  recently  undertaken,  and  the 
keen  researches  of  Graber  in  various  departments  of  insect  anat- 
omy, show,  by  what  has  been  accomplished,  how  many  harvests 
are  still  unreapcd.  The  microtome,  too,  has  put  a  new  instru- 
ment of  precision  into  the  hands  of  the  investigator  in  this  field. 
We  might  in  the  same  way  point  out  some  of  the  special  needs 
in  the  study  of  the  finer  anatomy  or  histology  of  insects,  but  the 
pressure  of  other  duties  forbids  a  further  pursuit  of  the  subject. 
Enough  surely  has  been  suggested,  even  in  this  hasty  sketch,  to 
sliow  that  we  cannot  yet  rest  upon  our  oars,  but  must  push  for- 
ward undaunted  into  still  unknown  waters.  If  these  few  words 
shall  arouse  in  any  one  a  higher  ambition  leading  to  better  work, 
their  aim  will  have  been  accomplished. 
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Further  notks  on  the  Pollination  of  Yucca  and  on  Pronuba 
AND  Prodoxus.     By  C.  V.  Riley,  of  Washington,  D.  C. 

At  the  Dubuque  meeting  of  the  Association,  in  1872,  it  was  my 
privilege  to  hiy  before  you  the  substance  of  a  then  unpublished 
communication  to  tlie  Academy  of  Science  of  St.  Louis,  emi)ody- 
ing  sundry  facts  regarding  an  interesting  and  anomalous  little 
moth  {Pronvba  yuccasella,  fig.  1),  and  its  connection  with  the  pol- 
lination of  our  Yuccas.  The  observations  were  made  in  the  year 
1872  and  are  recorded,  with  additional  facts  ascertained  in  1873, 
in  the  Transactions  of  the  above-named  Academy  (Vol.  Ill,  pp. 
55-64  and  178-180),  the  Aynencan  Naturaliat  (Vol.  VII,  Oct. 
1873)  and  my  5th  and  6th  Reports  on  the  Insects  of  Missouri.  As 
the  facts  have  never  been  published  in  our  Proceedings,  I  will 
present  the  more  important  of  them  by  brief  recapitulation. 

The  moth  (fig.  2,Z/,c,)  has  an  immaculate  white  upper  surface, 
and  fuscous  under  surface  in  both  sexes,  and  rests  during  the 
day  for  the  most  part  within  the  half-closed  flowers,  tlie  protective 
coloring  of  which  serves  to  conceal  it.  The  male  possesses  no 
very  marked  characters,  but  the  female  is  most  anomalous ;  Jirst^ 
in  possessing  a  pair  of  prehensile,  spinous,  maxillary  tentacles 
(fig.  1,  b)  found,  so  far  as  we  now  know,  in  no  other  genus  of 
Lopidoptera ;  seamd^  in  possessing  a  long,  horny  ovipositor  (fig. 
1,./,  and  fig.  3),  adapted  to  piercing  and  penetrating — a  struc- 
ture equally  exceptional  among  Lepidoptera :  '*  When  the  ovii)os- 
itor  is  entirely  withdrawn,  the  tip  of  the  abdomen  [fig.  3, «]  presents 
a  truncate  ai)pearance,  the  terminal  joint  being  bluntly  rounded 
at  tip,  with  a  slight  projection  l)oth  above  and  below,  an<l  a  corru- 
gated ridge  dorsally  a  little  in  advance  of  the  tip.  This  ter- 
minal joint  is  very  much  compresse<l  from  the  sides,  with  a  few 
stitt*  hairs  around  the  terminal  borders.  The  ovipositor  issues 
from  the  middle  of  the  truncate  end,  is  very  fine,  tubular,  the  basal 
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joint  [fig.  3,  6]  beautifully  imbricato-granulate,  the  terminal  joint 
[^fig.  3,  rf]  perfectl}'  smooth,  long  and  peculiarly''  constructed  at 
tip,  the  extreme  tip  being  notched  or  serrate,  and  a  dorsal  mem- 
brane, also  finely  and  sharply  serrate,  running  anteriorly  from  it — 
the  whole  recalling  in  form  the  caudal  and  second  dorsal  fins  of 
the  Lamprey  (Petromyzon).  Ventrally  along  the  terminal  joint 
is  seen  a  membranous  duct  which  broadens  just  in  front  of 
the  tip  and  has  an  outlet  from  which  a  soft  and  extensile  ovi- 
duct can  be  extruded  [fig.  3,  e].  The  whole  structure  is,  in 
fact,  admirably  adapted  to  cleaving  through  the  fruit  of  the 
Yucca  and    then    running    into   the  ovarian   cavity." — Am,   En- 


FlO.  1.— Pronura  TUCCA8ELLA:  Generic  characters  — «,  side-view  of  head  and  neck 
of  female  rlenudcd,  nhowiiij?  how  the  collected  load  of  pollen  (1)  is  held 
by  the  tentacles  (*2);  6,  nmxillary  tentacle  and  palpus;  c,  an  enlarged  spine; 
(!,  palpus  separated;  c,  scale  from  front  wing;/,  frontleg;  g,  palpu-^;  A,  <, 
front  and  hind  wings  denuded;  j,  .inal  joint  of  female  with  ovipositor. 


tomologist^  III,  p.  182. — Within  the  abdomen  the  ovipositor  divides 
into  four  stout,  horny  rods  which  extend  nearly  its  whole  length, 
the  upper  pair  being  continuations  of  and  aiding  in  the  protrusion 
of  the  terminal  joint  of  the  ovipositor,  the  lower  pair  connected 
with  the  basal  joint  thereof.  A  careful  stud}^  of  the  ovipositors, 
in  the  different  species  of  Pronuba  and  Prodoxus^  characterized  in 
this  paper,  shows  that  they  are  all  formed  upon  the  same  plan  and 
that  their  diverse  characters  are  but  modifications  of  this  t^'pical 
form.  They  all  agree  in  forming  a  solid  piercing  organ,  which 
shields  the  exsertile,  membranous  oviduct.  The  nearest  approach 
to  such  a  piercing  ovipositor  in  this  Order  will  probably  be  found 
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in  some  or  tlic  Pyralidx;  for,  in  a  inotli  of  tliie  fnmil}-  {Clydonop- 
leron  lecomae,  MS.  milii)'  the  ovijwsitor  is  sligbtly  lioniy  nnd 
fluttciictl  and  n|)|)tircntly  filled  for  slipping  under  the  skin  of  the 
pods  of  Tec'tnia  in  wliicli  its  larvie  live.  A  somewhat  similar 
sti'ticluie  is  observable  in  some  species  of  Pempelia  and  in  Pgralis 
olinalit.  Ill  all  other  Lcpidoplerous  insects  knonn  to  mc  the  ovi- 
positor, when  at  till  specialized,  presents  merely  a  horny  sheath, 
either  unirornily  boniy  and  cylindrical  or  having  the  dorsal  ami 
ventral  edges  more  or  less  nicmbranons  and  the  sides  more  or 
less  pioiliiced  and  sometimes  pointed.  In  Pidencrita  it  is  ex- 
tremely elongale  .and  Gtted  for  secreting  the 
BCnIes  of  Imrk.  In  some  Noctiii<ls, 
mni-li  comiircsseil  from  the  side, 
to  fit  it  for  secreting  the  eggs  be- 
tween blades  of  grass  (a  form  re- 
pented in  the  Pyi'alid,  XomojMhi 
hyhridab'it)  ;  while  in  others  it 
is  pro<lncod  to  a  tolerably  sharp 
point  to  enable  the  egj^s  to  be 
thrnst  in  between  llie  scales  of  a 
bnd,  the  terminal  lenlletsof  astem, 
or  into  the  corolla    of    a   flower. 

Tlic  more  typical  form  of  this  kind  o.  imvn;  b,  5  moih  wiihcioi-pdwiiig; 
of  horny  and  exscrlile  ovipos-  c,ilo.nlthwinK«ci|iHinlerl— dM-bIm; 
itorin  the  Order  may  be  found  in  tr«\«r,i"h7/"rJ.^rb^^^^^^^ 
the  ^geriidm,  in  whicli  it  is  ad-  racieicjiof  mdhi;  ft,  iinixili«.  *,  msn. 
mlral.lj  .„l„i,tc,l  for  11,-obing  Iho  Ji'.'^i.j'.rl'X^;.''  ■""■'  "■'"• 
crevices  of  the  barii  of  the  plants 

in  which  the  larva;  bnrrow.  In  the  Zenzerides,  as  in  certain 
large  Anstridian  species,  it  is  flattened  to  permit  the  tbrnsting  of 
the  eggs  nnderncatli  the  scales  of  bark  of  Acacia  and  Encalyptus. 
Ill  the  Caalniidos  (as  in  Synenion  sopkia,  White)  we  find,  again,  a 
special  iuchI  ill  cation,  the  terminal  joint  being  armed  with  retrorse 
spines  and  having  a  rather  sharp,  blade-like  tip,  com|iressed  Int- 
erally;  but  1  know  of  no  other  Lcpidoptcra  beyond  tliose  men- 
tioned in  this  paper  which  have  piercing  and  sawing  ovi|>ositors, 
with  an  exien.silc  and  clastic  ovidnct  issuing  from  an  orifice  near 
and  beneath  the  tip,  and  the  highest  living  authority  on  Kuropean 

>  Fi»:iii'e<I  una  ilvsciibed  sloce  thiB  |inpcr  was  rend,  la  llio  Amerkan  i:iilomologi$t. 
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Tineids,  Mr.  H.  T.  Stuinton,  wrote  me  some  years  ago  that  there 
was  no  European  genus  in  the  family  at  all  analogous  to  Pronuba 
in  this  re8i>ect. 

The  internal  organization  will  doubtless  show  peculiarities  cor- 
responding to  the  external  structure  ;  and  one  feature  is  wortln'  of 
mention,  because  very  noticeable  even  through  the  sides  of  the 
body  when  that  is  rendered  in  any  way  transparent.  It  is  a 
pair  of  brown,  chitinous,  radiate  structures,  each  with  a  darker,  cir- 
cular, central  ring,  and  extending  across  the  third  abdominal  joint. 
More  carefully  studied,  the  dark  circle  is  seen  to  represent  the  end 
of  a  hollow,  though  shallow,  cylinder  from  the  sides  of  which  the 


Fig,  3.—  Genital  rhnractcrs  of  Pi-oiiuba  y  uccasella :  a,  tip  of  9  abdomen  i-endered  (Some- 
what traufparent;  />.  basal  joint  of  ovipositor;  r.  its  sculplure;  d,  terminal 
joint  of  t:ame;  e,  tip  still  more  enlargetl;  /.  genitalia  cf  from  side;  ff^  do. 
from  above;  h,  egg, 

filaments  or  spicules  radiate  as  spokes  from  a  hub.  These  radiate 
objects  seem  to  distend  the  walls  of  a  sack,  which  is  evidently 
the  bursa  copulatn'x,  as  Dr.  Ilagen  has  clearl}'  made  out  in  liis 
recent  studies  of  Prodoxus  decfpims^  in  which  the  radiating 
spicules  are  fewer,  shorter  and   thicker  than  in  Pronuba, 

The  egg  of  Pronuba  (fig.  3,  /i),  which  is  very  soft  and  plastic, 
is  thrust  through  the  pistil  or  young  fruit  and  into  the  ovule.  The 
larva  (fig.  2,  a),  which  is  peculiar  in  possessing  no  prolegs,  feeds 
upon  the  seeds,  issues  from  the  capsule  as  it  ripens,  and  hibernates 
in  a  tough  cocoon  underground.  The  chrysalis  (fig.  4)  offers 
characters  which  enable  us  to  separate  the  sexes  in  this   state, — 
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a  very  miusual  oecuiTence  —  and  is  adiniiably  adiipted.  by  means 
of  si):ule-likc  dorsul  spines,  fur  rorcing  its  way  tip  thioiigh  the 
gt'outid,  H'liii:!)  it  does  to  give  Tortli  llic  niotb  at  tbe  time  of  the 
flowering  of  its  food-pliint. 

In  rogni'd  to  tljc  linbits  of  the  female  moth,  wlik-li  ai'e  more  p&r- 
ticnlaily  interesting,  I  sliuU  take  tbe  liberty  of  qiiotiiig  tbe 
originiil  laugnnge  used  : 

'■Bcfoi-e  she  [llie  female]  can  cany  out  the  maternal  task  of 
continning  her  riiee,  slie  must  act  aa  foster-mother  to  the  plant  in 
ordtT  lo  in.Hure  a  proper  supply  of  food  to  her  larvie,  wbieb  feed 
on  its  seeds.  Willi  her  maxillnry  tentacle,  so  wouderfidly  mod- 
ified for  the  purpose,  she  collects  the  pollen  in  large  pell 
bohls  it  under  the  neck  and  against  the  front  trochanters. 


i  tin 


would   ini 

to  side,  1 

to  foree  tl 


iniuiner  she  scmietinies  carriei 
the  size  of  her  heud.  Thus  laden,  she  clings 
to  the  lop  of  the  pistil,  bends  her  head,  ihrnsis 
her  tongue  ijito  tbe  stigniulic  nectary,  and 
brings  the  pollen  mass  right  over  its  mouth. 
In  tliLH  i>osilion  she  works  with  a  vigor  that 

ieale  eomtiined  pleasure   and    pnr- 

iviug  her  lieiui  mid  bo<ly  from  side 

nd  apparently  nniking  every  effort 

le  pollen  into  the  tube.     8ueli  is  tbe 
method  by  which  our  Yuccas  are  fertilized."'' 

Or,  again,  from  the  observations  of  1873  :  "'  '""'■'«'■"'■)•"""■ 

'•The  Yucca  flowers  are  fully  opened  and  perfect  during  a  sin- 
gle evening  and  night  only,  and  it  is  during  this,  the  first  night 
of  blooming  that  eggs  are  consigned  to  tbe  somewhat  prismatic 
pistil.  The  ]>ollen  grains  are  not  so  often  expelled,  to  fall  on  tbe 
iiisi<le  of  the  tlower,  as  I  lia<l  been  led  to  suppose;  hut  almost 
always  remain  in  an  entire  limip  on  the  enntracteil  and  cnrle<l 
anther.s.  Tbe  moth,  eonsefiuently,  has  no  dillienlly  in  acenmnlat- 
ing  ber  little  load  of  pollen,  for  a  single  anther  furnishes  nearly 

••Once  e<piipiK'd  with  this  important  conuno<lity,  she  may  Iw  seen 
cillier  crawling  over  or  resliugwilbintlie  (lower.  From  time  to  time 
she  ni:ikes  a  sudden  start,  deltly  runs  around  and  among  the 
stameiis.  and  anon  takes  position  with  the  body  between  and  tbe 
leg.s  striuidling  some  two  of  Ihem — lier  head  turned  towards  the 

'  Stii  Bept.  Ids.  Uo,.  p.  I9t. 
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stigma.  As  the  terminal  halves  of  the  stamens  are  always  more 
or  less  recurved,  she  generally  has  to  retreat  between  two  of 
of  them  until  the  tip  of  her  abdomen  can  reach  the  pistil.  As 
soon  as  a  favorable  point  is  reached — generally  just  below  the 
middle — the  lance-like  sheath  of  the  ovipositor,  which  consists  of 
four  converging  corneous  bristles,  is  thrust  into  the  soft  tissue, 
held  there  a  few  seconds  while  the  ejjjir  is  conducted  to  its 
destination,  and  then  withdrawn  by  a  series  of  up  and  down 
movements.  So  intent  is  she  upon  this  work  that  after  the  ovi- 
positor once  penetrates  the  pistil  the  whole  perigon  may  be  de- 
tached, some  of  the  encumbering  petals  and  stamens  removed, 
the  insect  brought  within  the  focus  of  a  good  lens,  and  all  lier 
movements  observed  to  the  greatest  advantage,  without  disturb- 
ing her.  In  this  wa}',  I  have  been  able  to  watch  the  consignment 
of  hundreds  of  eggs,  and  to  admire  the  delicacy  and  cla.sticity  of 
the  ovii)ositor  proi)er,  which  issues  from  the  setaceous  sheath  in  a 
silk-like  thread,  almost  invisible  to  the  naked  eye,  and  as  long  as 
the  terminal  abdominal  joint;  and  which  stretches  and  bends  ac- 
cording as  the  body  is  raised  or  lowered. 

*••  No  sooner  is  the  ovipositor  withdrawn  into  the  abdomen  than 
the  moth  runs  up  to  the  top  of  the  pistil,  uncoils  her  pollen-be- 
decked tentacles,  thrusts  them  into  the  stigmatic  opening,  and 
works  her  head  vigorously  as  I  have  previously  described — the 
motion  being  mostly  up  and  down  and  lasting  several  seconds. 
This  carrying  of  the  pollen  to  the  stigma  generally  follows  every 
act  of  oviposition,  so  that  where  ten  or  a  dozen  eggs  are  con- 
signed to  a  single  pistil,  the  stigma  will  be  so  many  times  bc-pol- 
lened.  Tlie  ends  of  the  tentacles,  which  are  most  setose  and 
spiny,  and  which  are  always  curled  into  the  pollen-mass  when  not 
uncoiled,  must  necessarily  carry  a  number  of  pollen  grains  each 
time  pollination  takes  place  ;  and  I  have  noticed  a  gradual  dim- 
inution in  the  size  of  the  collected  mass,  corresponding,  no  doubt, 
to  the  work  performed,  which  is  indicated  by  the  rubbed  and 
worn  nppcarance  of  the  individual  —  the  freshest  specimens 
alwavs  havinof  the  larsfcst  loads. 

''While  oviposition  generally  takes  j)lace  in  the  manner  des- 
cribed, the  moth  head  outward  and  straddling  two  stamens,  an 
entirely  opi)Osite  position  nuist  sometimes  be  assumed,  since  lar- 
va* and  [)unctures  are  not  unfrecjuently  found  in  the  upper  part  of 
the  fruit,  especially  where  a  single  one  is  stocked  with  ten  or  a 
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dozen  larvae,  as  is  sometimes  the  case.     As  the  fruit  enlarges,  the 

mouth  of  the  puncture  forms  a  slight,  discolored  depression,  more 

noticeable  in  some  varieties  than  others ;  but  the  passage-way  be- 
comes obliterated."  ^ 

The  above  are  some  of  the  leading  facts  in  the  natural  history 
of  Pronuha  yuccasella  that  can  be  verified  by  any  one  who  cares 
to  take  the  trouble  to  observe  them. 

The  insect  offers,  however,  such  a  remarkable  instance  of 
special  modification  of  parts  to  a  particular  end,  and  there  is  such 
a  striking  interdependence  between  it  and  its  food-plant,  that 
Hermann  Miiller,  who,  from  his  extensive  studies  of  the  relations 
between  plants  and  insects,  is  most  competent  to  speak  on  the 
subject,  avowed  it  to  be  the  "most  wonderful  instance  of  mutual 
adaptation"^  3'et  detected.  The  original  observations  have,  as  a 
consequence,  been  widely  commented  on.  My  conclusions  have 
not  unfrequentl}'  been  criticised,  and  too  often,  I  regret  to  say,  by 
those  who  seem  not  to  have  taken  the  trouble  to  read  the  original 
articles.  With  a  view  of  emi)hasizing  the  facts  already  published 
and  of  presenting  others  recently  ascertained,  let  me  briefly  con- 
sider the  criticisms  that  have  been  made : 

1.  Capsules  are  often  found  uninfested  with  the  Pronuba 
larva,  and  several  writers  have  assumed  that  such  could  not  have 
been  fertilized  b}'  the  moth  and  that  this  last  is  not  necessarj^  to 
produce  fertilization. 

The  following  quotations  from  the  original  articles  offer  a  sufll- 
cient  reply  to  this  objection  : 

"  It  is  (juite  possible  that  the  moth  ma^',  at  times,  introduce  the 
pollen  into  the  stigmalic  tube  without  consigning  an}-  of  lier  eggs 
to  the  fruit,  and  we  should  naturally  expect  to  find  some  capsules 
uninfested  with  her  larvae.  But  I  have  this  year  examined  hundreds 
of  capsules  around  St.  Louis,  and  some  in  South  Illinois,  and  not 
more  than  four  or  five  per  cent,  were  uninfested.  Sometimes  every 
pod  on  the  same  plant  had  its  worms,  while  at  others  half  the  pods 
on  a  given  i)anicle  would  be  free  from  them.  From  the  very  large 
percentage  of  infested  pods,  I  conclude  that  oviposition  naturally 
and  immediately  follows  fertilization,  unless  the  moth  be  dis- 
tuibed."  ^  ''  While  oviposition  is  generally  followed  (and  not  pre- 

»Cth  Kept.  Ins,  Mo.,  pp.  i:j3-4. 

*  111  corre^i>oiulonce  wilh  the  writer.  See  also  Zooloyische  Giivttn,  Frankfort,  Oct. 
1871. 

^  Trans.  Ac.  Sc.  St.  Louie,  III,  p.  82. 


M 


624  POLLINATION    OF   YCCCA  ; 

ceded,  as  I  formerly  supposed)  each  time  by  pollination,  yet  tbe 
former  sometimes  takes  place  twice,  thrice  or  oftener  without  tbe 
latter  being  performed  ;  and  I  suspect  that  the  converse  of  this  is 
equally  true."^ 

2.  Yucca  occasionally  and  exceptionally  seeds  in  Europe, 
and  several  horticultural  writers  aiguing  from  this  fact,  and  doubt- 
less without  informing  themselves  of  what  I  had  really  written, 
have  repudiated  any  nocessar}^  connection  between  the  moth  and 
the  flower.  A  single  illustration  from  a  recent  editorial  in  a 
leading  horticultural  journal,  the  London  Garden^  and  approvingly 
quoted  in  Vicks*  Illustrated  Monthly  Magazine,  for  March,  1880, 
will  suffice : 

*'  I  fancy  insect  agency  is  talked  of  in  a  very  unscientific  way  by  too 
cntliusiastic  followers  of  Mr.  Dakwin.  I  remenil)er  readln*;  Professor 
KiLKv's  dojiinu  that  the  Yucca  could  only  possibly  be  fertilized  by  necrtaiu 
American  insect,  and  beiiij;  amused  at  it  because  I  had  seen  it  fruiting 
well  at  the  south  of  P>ir>pe,  and  also  in  France.  Probably  we  should  see 
it  oftener  if  we  liad  a  better  climate.  1  now  note  what  Air.  Ellacombk, 
writing  to  a  contemporary,  says  :  '  There  can  be  no  doubt  that  the  Yucca 
can  be  fertilized  by  other  means  than  by  the  ajrency  of  the  Yucca  moth, 
Pvonuftd  yuccascllii.  I  have  more  than  once  had  well  formed  fruit  of  Y. 
rPCHrvif(fliay  but  the  seeds  did  not  come  to  maturity.'  Dr.  KnCiKI.maxx,  in 
his  yo(Ps  on  the  (icnus  Yucra,  says  :  '  In  ihi  botanical  jjarden  of  Venice  I 
gathered  the  pulpy  pods  from  a  larire  Ynrca  aloifolia,  about  fifteen  feet 
Jiigh.  This  was  the  only  Yucca  fruit  seen  by  nie  in  Europe,  though  I  have 
since  learned  that  in  other  instances,  al>o,  though  only  exceptionally,  fruit 
and  good  seed  have  been  produced  there,  principally  by  the  same  species, 
and  very  rarely  by  others.'  I  remember  the  late  Mr.  Hakii.lkk  telling  me 
he  had  raised  a  great  many  varieties  of  Yurra  oloriosd  from  seed  saved  in 
France.  However,  this  mistake  on  the  part  of  so  good  a  man  as  Kii.ky  is 
good  sense  compared  with  what  we  read  on  this  side  as  to  the  intiuence 
of  insects  on  the  color  and  odor  of  plants.  The  statement  by  Mr.  WaM-ack, 
for  example,  that  showy  flowers  are  scentless,  because  from  their  color 
they  are  sullicieutly  attractive  to  insects,  may  pass  for  science  witli  some 
innocent  people,  but  it  seems  foolish  to  those  who  know  even  oidy  a  few 
garden  plants." 

Aj^iiin  lot  niv  orij^inal  lanminixe  do  duty  in  reply  : 
"^  Our  Yuccas,  on  the  contrary,  seem  to  depend   for  assistance, 
so  far  as  u'e  nou:  knoif\  on  the   single  little  Tineid   which  I  have 
described,  and,  for  this  reason,  arc  among  the  most  interesting  of 
entoniophilons  plants.     At  least  such  is  the  case  with  the  capsule- 
bearing  species.  /.  e.,  those  which  have  dry,  dehiscent  i)od8  ;   and  I 
will  here  picmise  that   my  observations  have   been   made   upon  a 
lilamentose-leaved  si)ecios  in  common  cnllivalion  about  St.  Louis, 
and  which  J)r.  Kngclmann  lakes  to  be  Y.  puherula  or  Y.  glauca. 

«  Am.  ya(.,  Oct.  1873. 
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"  The  fructification  of  such  Yuccas  as  bear  fleshy,  pulpj'  fruit,  of 
wiiich  Y.  aloifolia  may  be  taken  as  the  type,  has  not  been  studied  ; 
but,  even  with  tliis  last  mentioned  species,  the  facts,  so  far  as 
known,  strongl}-  indicate  tliat  Pronuha  is  principally,  if  not  solely, 
instrumental  in  bringing  it  about.  Its  seeds  are  infested  with  our 
Pronuha  larva,  though  not  to  the  same  extent  as  those  of  the 
dehiscent  species.  It  would  be  premature  to  speculate  until  we 
have  further  facts  ;  but  it  is  not  at  all  unlikely  that  the  seeds  of  the 
flesli}^  pods  arc  less  congenial  to  the  larva*,  and  that  a  smaller 
percentage  [of  these]  is  produced  from  the  eggs  consigned  to  such 
pods  by  the  moth."  ^ 

Those  parts  of  the  quotation  wliicli  I  have  emphasized  show 
little  inclination  to  form  sweeping  conclusions,  not  warranted  by 
the  facts  observed.  Again,  after  bringing  together  such  facts  as 
were  then  obtainable  respecting  the  seeding  of  Yucca  in  different 
parts  of  America  and  Europe,  and  citing  the  case  of  the  seeding  of 
Y,  flamentosa^  observed  b}'  Mr.  T.  Smith  at  Newr}'  in  Eingland, 
in  18(58,  I  wrote  : 

''  These  extracts  prove  that  the  Yucca  moth  occurs  on  Long 
Island,  and  around  New  York,  and  indicate  that  other  insects  occa- 
sionally i)ollinize  the  flowers.  The  experience  of  Mr.  Smith,  in 
England,  is  as  interesting  as  it  is  exceptional ;  but  until  we  learn 
whether  or  not  the  work  of  the  larva  was  manifest,  no  safe  conclu- 
sions can  be  drawn.  Other  insects  may  have  been  the  2>f^^linizerSy 
or  Pronuha  may  have  been  locally  introduced  with  seed  from  America. 
This  last  view  may  not  appear  very  plausible,  but  if  both  sexes  of 
the  insect  were,  by  some  chance,  introduced  into  a  locality  where 
Yuccas  of  blooming  age  were  growing,  there  is  no  reason  why 
the}'  should  not  multi[)l3^ ;  and  such  chance  introduction  is  not 
imi)ossible,  since  the  larva  not  unfrequently  remains  in  the  capsule 
after  the  seed  is  rix)e,  where  it  fastens  a  number  of  the  riddled 
seeds  together  into  a  sort  of  cocoon,  which  might  easily  i)ass 
unnoticed  in  gathering  seed  ;  and,  if  buried  in  the  ground  with 
such  seed,  would  in  time  give  forth  the  moth."  ^ 

And  after  a  second  summer's  investigation,  I  further  wrote : 

^^  My  observations  this  summer  might  be  extended  much  in 
detail.  They  have  convinced  me  more  than  ever  that  Pronuha  is 
the  only  insect  by  the   aid   of  which   our   Yuccas   can    be  fully 

'Tnins.  Ac.  Sc,  St.  Louis,  III,  pp.  58-9. 
»5lh  Utrp.  Inn.  of  Mo.  (1^72)  p.  loU. 
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fertilized :  for  I  have  studied  this  fertilization  diligently  night 
after  night,  without  seeing  any  other  species  go  near  the  stigma. 
The  stigmatie  opening  closes  after  the  first  night,  and  I  know  of 
no  crepuscular  or  nocturnal  species  which  could  collect  tlie  requi- 
site amount  of  pollen  and  bring  it  so  to  bear  on  the  stigma  that 
each  ovule  would  receive  the  influence  of  a  pollen  grain.  The 
species  already  enumerated  as  frequenting  Yucca^  are  mostly 
diurnal,  and  have  nothing  to  do  in  the  work  ;  and  wherever  I  have 
excluded  the  moth  from  the  flowers,  by  enclosing  the  latter  with 
netting,  no  fruit  has  been  produced.  I  aw,  therefore^  led  to  believe 
that  the  few  rare  mstances  of  yucca  fertilization,  in  localities  where 
Pronl'ba  may  be  presumed  not  to  occnr,  have  been  brought  about  by 
another  insect  accidentally,  or  by  the  stamens  reaching  an  exceptional 
length,  and  the  anthers  being  brought  into  contact  with  the  stigma  by 
the  conniving  of  the  closing  petals,  I  have  found  the  stamens  of 
varying  length  in  the  flowers  on  the  same  panicle,  and  in  some 
instances  almost  as  long  as  the  pistil."  ^^ 

The  accompanying  figure  (tig.  5)  illustrates  a  few  pistils  from 
the  same  species  of  Yucca,  and  indicates  (a)  a  deformity  of 
tolerably  common  occurrence  in  which  the  anthers  ma}-  easily  be 
brouglit  in  contact  with  the  stigma,  and  also  (b,  c,  c/,)  varying 
length  of  the  stamens.     I  also  figure   (tig.  6)   a  flower  of  Yucca 

*  I  take  the  opportunity  in  this  connection  to  elaborate  the  list  giron  in  m^'  5th  Mo. 
Seport  (p.  15t)  of  insectH  known  to  me  to  IVeiinenl  ancl  infeet  Yucca.    Coleoiteka. 
Fre<|ueniing  the  flowers  and  evidently  feeding  upon  the  pollen:  Carpopfiilus  yui'cw  Cr., 
C.  pollipeitnia  Say ,  Euphoria  meMtncfHilica  Hovy,  E./ult/ithi  Fiihw,  Trichina  delUi   For^t., 
Chitulioytuithu§   americotius  Forst.,  C.  tmirginatus  Fahr.,  StrangalUi  9trigoM*  Newm., 
Typoccrtis  ztbratus  Fabr.,  Ilynifnorus  dtnsus  Lee.  Anthonomus  aiynatua  isay  and  many 
other  .-pecies  of  less  frequent  occnnence.      Living  in  the  fruit:    Silvanus  f/u<itiricoHi3 
iiuer.,  CarpophiluB  muCilatu9  Vahr. J  Ejmned  litteohi  Kr.  and   a  Tmgositid  larva,  prc- 
snmably  of  Troyosita  yuccce  Cr.     Living  in  the  dead  flower  stem :    Hiipoiheneinu$ 
Kiitpidnlus   Lee.     living  under  the  bark,  or  bori'ng  in  the  root-ctcm  of  the  plant: 
CorpophHus  meUmopieru8  Er.,  larTa  of  Trogosita  iruccte  Cr.,  larva  of  Ehphiduyn   sp. 
(probably   tectum   Lee),    Scj/phophorus  yuccre   Horn   and    i'uccatKtrut  frontnlia  L«c. 
Dr.    Horn   mentions   Rhiyopsls  tifractu  as  feo«ling  on  Yucca   (i*roc.   Am.   I'hil.   Soc. 
XV,  p.  87)  but  the  particular  part  of  the  plant  is  not  given.    Lepipopteka.    Living 
In  the  flchh  of  the  fruit:  an  unbred  Tortricid  larva  and  exceptionally,  the  Intra  of 
Prtuhtxtia  <lecipieu$  Uiley.     Feeding  on  the  seeds:  larva  of  Pronuba  yuccati-llfi  Ulley 
and  prcbuniably  of  7*.  uwculata  Uiley.     Living  in  the  fresh  flower-stems:   larva  of 
Pro<iojrug  ilecipiens   Hilcy  and   prcHumal>ly  of  P.  intfrmeiliua  Ulley,    P.    margitiotuM 
Riley,  /*.  ciuereus  Kilty,  /*.  (eucBi'cns  Uiley.     Boring  in  the  root  and  the   root- stem : 
Aftyathymu$  yuccie  Iloisd.  and  the  variety  cnjorutfenai^  Uiley  and  presnmably  Jf,  coraqui 
Streckcr.     Mr.  V.  T.  Chambers  mentions  that  I/olcocern  yigantella  occurs  on  \vkc.ca.\tk 
Colorado.      IIeteropteka.     runcturing  and  sucking  the  Irnit:  L^^^tu  ro6inicB  Uhler, 
Orthotylus  dUcoidalia  Uhlcr,  Cyllocvris  scuttlUitus  Uhlcr  and  Thengnis  phyllopuB  Uhlor 
{aWicinctiia  Say). 

»"^m.A'a^,  Oct.  1873. 
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aloifolia  in  nliicli  sjiecics  the  stnmens  reach  nearly  to  the  stigma, 
and  in  which,  were  it  not  for  their  i-eeiirved  ends,  some  of  the 
pollen  might  fnll  on  the  pnpjlloae  apex  of  the  stigma  while  the 
flower  hangs  or  droops. 

It  is  so  very  plain  from  the  above  (luotations  that,  while  I  have 
held  and  still  maintain  that  it  is  the  rule  for  our  Yuccas  to  be  pol- 
linized  by  Pmnnba,  I  have  nevertheless  admitted  that  the  rule  is- 
not  without  exceptions.  The  rarity  of  yucca-fruetiflcation  in 
those  parts  of  America  or  in  olher  countries  wlierc  the  plants  are 
not  indigenous  and  Pronuha  may  be  prcstimed  not  to  occur ;  the 
uniform  failure  to  fruclify  whenever  the  moth  has  been  excluded 
from  llie  flowers  both  in  my  own  'experiments  and  those  of  Mr. 
J.  M.  Milligan"  and  of  Mr.  Meehan ;  and  the  non-fructitication, 
even  where  tlie  moth  exists,  of  those  species  which  bloom  either 


Flil.  S.-YouiiB  fni 


before  or  after  she  appears — all  serve  to  emphasize  the  ruie,  and 
the  few  exceptions  confirm  it  all  the  more  markedly  that  (as  Mr. 
Mechaii  has  shown  iis)  the  plant  is  so  easily  fructified  whenever 
the  pollen  is  brought  to  the  stigma  or  even  to  the  papillose  apex 
thereof.'*  It  would  be  wonderful  indeed,  if  the  plant  were  not 
fructified  occasionallj'  in  some  one  of  the  exceptional  modes  here 
indicated  and  more  particularly  by  some  of  the  pollen-feeders  like 
Chaullognathus. 
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The  ctiaiieos  tlint  Pnmuba  may  oocur  in  some  purls  of  tbe  vot 
where  it  hail  not  liofoie  exiftteil  liave  also  increased  by  my  haviii 
dining  the  years  lt(73  anil  1874,  sont  to  corrp.ipomicnts  a  namh 
or  larvw  in  their  cocoons  with  the  ivquest  that  tliey  be  buri' 
in  the  ground  near  Yuccas,  Of  tliose  thus  sent  were  100 
Mr.  Me:i<1(t  WoikIxod,  Kan^ias  City,  Mo.  ;  150  to  Dr.  Asa  Gra 
Cambridge,  Hubs.  ;  100  to  I'l-ofessor  J.  E.  i'lanchon,  Jlontpellii 
France;  250  to  Hermann  JMiiller,  Lippstiidt,  (iennnny  ;  100 
Chns.  Darnin,  Down,  near  London.  Kng. ;  ami  50  to  II. ' 
Stiiinton,  Moiintsticid,  netir  London,  Kng. 


Fig.  (!.— Flower  iif  Yiirrs  (iliiirolia  fiillr  opcnnl. 

3.   Tlic  nccni-ac\'  of  iii_i'  ol>servalioiis  has  been  calle<l  it 
tion,  and    notably  by  Mr.    Jacob  Uoll  '^  of  Dallas,  Te» 
made     some     bimsflf    whk-h     seemed    to   coiiflkt   with 
nhile  much  doiibl  nan  thiuwn  upon  the  utility  of  Promt 
pliint  by  certain  sCatcnienls  made  in  a  paper  ivad  by  Mr 
at  the  last  nieeling  of  this  AsKoeiation.'^    As  I  have 
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replied  to  Mr.  BolTs  strictures, ^^  and  have  more  recently  con- 
sidered Mr.  Meehan's  statements  in  an  article  in  the  American 

different  years),  as  well  as  that  of  others,  is  In  direct  conflict  with  It  and  shows  that  the 
seeds  are  very  generally  found  wherever  a  flower-stalk  has  been  thrown  up  and  it  has 
not  been  prematurely  browsed  by  cattle  or  cut  by  man.  Mr.  Meehau's  btatcmeDts  of 
facts  in  this  matter  of  insect  fertilization  have  frequently  grently  differed  from  those  of 
others  an<l  led  him  to  views  in  opposition  to  those  generally  accepte<l.  In  some 
instances  they  are  pure  raisslatemeuts  or  misapprehensions,  as  in  the  famous  one 
made  before  the  Association  in  1870,  viz.:  that  bees  and  insectfertilizersof  flowers  were 
rjire  in  the  Uorky  Mountain  region  where  bright  flowers  abound  ("On  self-fertilization 
and  cross-fertilization  of  flowers  "  Pcnn.  ^fontfUy,  1876,  vol.  7,  p.  834).  It  was  my 
privilege  in  answer  to  this  statement  to  t^how  that  the  insect  fauna  of  that  region  was 
peculiarly  rirh  in  pollinizers  whether  among  Hymenoptera,  Lepidoptera.  Coleoptera, 
or  Diptera,  and  the  experience  of  extensive  collectors  in  that  region,  and  of  Messrs.  J. 
D.  Putnam,  E.  A.  Scliwarz  and  H.  K.  Morrison  more  particularly,  has  fully  corrobo- 
rated this  view.  Dr.  LoCont«*8  published  papers  (Coleoptera  of  the  Alpine  Rocky 
M«»uulain  region  ;  Ilayden's  IJull.  U.  S.  Geol.  an<l  (Jeog.  Surv.,  IV,  p.  447.  and  V.  p.  499), 
also  conflrm  it.  1  am  not  aware,  however,  that  Mr.  Meehau  has  admitted  the  error 
whether  in  the  misstatement  or  the  conclusions  drawn  therelrom.  I  feel,  therefore,  that 
it  is  dei^irable  to  point  out  the  erroneous  stntements  in  the  article  "  On  the  Fertilization 
of  Yucca"  to  facilitate  the  doing  of  which  I  quote  from  it  the  following  passages: 

[1]  '*  It  ujay  be  remembered  thnt  at  our  meeting  at  Buffalo  I  produced  three  capsules 
that  had  not  been  produced  by  this  elaborate  process,  but  simply  by  mere  touching 
of  the  papillose  apex  with  one  of  the  flower's  own  polliniferous  anthers.  Professor 
Riley  was  so  sure  that  the  seed-vessels  could  not  have  been  produced  in  that  wav,  that 
there  must  have  been  some  insect  ageni'y  uiiknown  to  me  In  addition  to  my  woifc,  that 
at  the  conclusion  «>f  my  paper  he  anke*!  permission  to  cut  open  the  capsules,  sure  of 
being  able  to  sliow  tlie'larva'  in  the  Iruit;  but  he  found  them  not.  1  recall  tlie.-e  matters 
to  show  that  I  have  not  misapprehended  the  position  our  friends  take  on  this  question." 

There  is,  notwithstanding,  both  grave  misstatement  and  misapprehension.  Having 
known  a  few  pods  to  develop  from  the  last  and  tojmiost  flowers  of  V.  anguitifolia  at 
St.  Louis  with  evidence  that  I'rouuha  was  the  fertilizer  (sec  Trans.  Ac.  Sc.  St.  Louis, 
III,  p.  570),  I  staled  the  fact  and  made  the  point  that  the  pods  which  Mr.  Meehan  exhib- 
ited might  alter  all  have  been  fertilized  by  Pronuha  and  that  1  shoultl  not  be  sur]>rised 
to  tiud  its  larva?  within  them.  It  never  entered  my  mind  to  be  "sure"  that  the  flower 
could  not  be  pollini/.ed  through  human  instrumentality,  or  to  be  '•  sure"  of  flnding  the 
larvae  in  the  pods,  and  the  misconstruction  of  the  remarks  is  quite  unjustillable. 

['2]  "  At  the  coiK'lusion  of  this  addres-is,  delivered  at  the  8arat«>ga  meeting  ol  the 
American  Association,  Profes-nor  C  V.  Riley  made  some  remarks*  which  iMirortunately 
I  did  n(»t  hear.  Tlie  newspaper  leuorts  make  him  say  thar  I  was  ml^taken  in  the  insect 
I  found  in  Yiu'ca  av(;usti/olia,  tnat  it  was  not  ]*ronuba  yuccaseUa.  I  have  called 
Professor  Riley's  attention  to  this  and  have  asked  for  ji  correct  note  of  what  he  did 
say.  but  have  only  the  reply  that  he  is  '  not  answerable  for  a  newspaper  report.'  It 
remains  iheii  only  lor  me  to  say  in  reply  to  the  "  newspaper  report ''  that  at  the  outset 
of  my  observations  on  Yucca  nnfittstifulia,  1  sent  one  of  the  insects  caught  to  Professor 
Riley  asking:  'Is  this  certainly  I'roiiuba  yuccaseUa  1 '  and  he  replied  that  it  was." 

It  remains  (miy  ft)r  me  to  remark  on  the  above  that  I  was  never  guilty  of  the  dis- 
courtesy to  my  friend  implied  in  the  first  quotation  irom  my  correspondence,  but  that 
in  staling  that  I  could  not  be  answerable  for  newspaper  reports  which  1  had  not  seen, 
I  also  expressed  my  willingness,  in  order  to  avottl  misapprehension,  to  write  out  my 
criticism  of  the  paper  if  the  author  would  send  me  the  MS.  In  reference  to  my 
determination  as  Prouuba  yuccatella  of  a  specimen  sent  me  by  Mr.  Meehan.  it  was  not 
preserved  because  pressed  and  spoiled  in  the  letter,  so  that  I  cannot  now  verify  my 
determination.  Prtxlojus  (tccipiens  being  unknown  to  me  then,  my  determination  may 
have  been  erroneous,  or  there  may  have  been  some  error  in  the  fact  stated  by  my 
correspondent  which,  in  this  instance,  was  not  our  author  but  his  son,  Mr.  Jos.  T. 
Meehan.  That  there  was  an  error  somewhere  is  rendered  probable  by  the  facts 
recorded  in  the  present  paper. 

"Trans.  Ac.  8c.  St.  Louis,  III,  p.  571;  SUttiner  Ent.  Zcitung,  1878,  p. 377. 
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Entomologist  for  June  last  (vol.  Ill,  |>.  H2)  eotitled  "  T lie  true 
and  tbe  Bogus  Yucca  Motli,"  it  sulHces  lieie  to  state  that  tb« 
strictures  niul  statements  of  botli  gentlemen  resulted  from  mistaken 
identity,  and  that  tbe  couflicting  experiences  are  explained  by  tbe 
existence  of  a  motli  wliicli  I  have  named  Prodoxaa  decipiena  and 
which,  while  bearing  a  very  deceptive  general  resemblance  to 
Promiba  yucctisella,  yet  differs  essentially  in  structure  and  habit. 
Prodoxua  decipieits^''  was  first  announced  by  ine  before  the 
Entomological    Club  of  the  Association   at  its  Saratoga   (1879) 


FlO.  ",— PROIW.tl- 


meeting.  It  breeds  either  in  tlie  Sower-stem  or  in  the  flesh  of  the 
fhiit  of  ditl'erent  siiecies  of  Vncca  and  is  common  throngh  the 
Southern  states,  both  on  Yucca  oJoifuUa,  Y,  rupicola  and  T". 
gloriosa.  In  the  West  it  is  found  on  Y.  angustifiAia,  while  at 
Washington  I  have  found  it  not  uncommon  on  the  different  culti- 
vated forms  of  Y.  Jilamento.ia.  It  also  occurs  around  Philadelphia 
and  has  been  bred  by  Dr.  H.  A.  Iliigeu  and  by  myself  from  larva 

"  Anaricaa  EnlimelOffM,  III,  pp.  1S3  and  ISl. 
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infesting  the  flower-stems  of  Y.  filamentosa  grown  in  Mr,  Meehan's 
grounds,  thus  furnisliing  strong  presumptive  evidence  that  the 
moths  which  Mr.  Meehan  assumed  to  be  Proyiuba  yuccasella^ 
and  which  lie  found  upon  Y.  angustifolia  long  before  the  flowers 
of  F.  Jilamentosa  had  opened,  were  in  reality  the  Prodoxns  or 
Bogus  Yucca  Moth,  as  I  surmised  would  be  the  case  in  my 
comments  ui>on  his  paper  at  the  meeting  of  the  Association  a  j^ear 
ago.  Its  occurrence  there  weakens  the  inference  which  Mr. 
Meehan  drew  in  his  paper  that,  because  Pronuba  did  not  pollinize 
Y,  angustifolia^  ihevefove  it  did  not  pollinize  Y.  Jilamentosa  and 
entirely  nullifles  the  conclusions  in  the  following  paragraph  from 
that  paper  in  which,  moreover,  as  in  the  affirmation  (without  a 


Fig.  8.~  Genital  characters  of  Prodoxus  declpiens:  a,  tip  of  9  abdomen  rendered 
Botnowhat  transparent;  6,  basal  joint  of  ovipositor;  c,  its  sculpture;  <f, 
terminal  Joint  of  same;  its  tip  more  enlarged;  /,  genitalia  of  (f  from  side; 
g,  do.  from  alK>ve;  h,  egg. 

particle  of  proof)  that  the  moth  feeds  on  other  flowers,  there  are 
some  ver}'  unscientific  statements. 

Pronuba  yncca»eUa.  the  Yucca  Moth,  has  for  years  abounded  on  my 
flowers  of  the  Yucca  JUantentosa.  It  has  not  been  known  to  visit  any  other 
plant  than  Yucca.  Yucca  angustifolia  begins  to  flower  frcTm  three  to  two 
weeks  and  its  blossonilnjr  is  all  over  before  Yucca  Jilamentosa  begins  to 
open.  The  facts  now  adduced  show  that  the  moths  exist  weeks  before 
the  flowers  bloom  with  which  thej'  have  been  so  intimately  connected, 
feeding  of  course  on  other  flowers,  and  would  perhaps  make  use  of  other 
fruits  as  depositaries  for  their  eggs  it  Yucca  should  not  exist.  At  any  rate 
the  facts  weaken  any  Ijelief  we  may  have  tliat  the  Yucca  and  Yucca  Moth, 
through  the  long  ages,  have  become  mutually  adapted  to  each  other 
through  a  fancied  mutual  beneflt. 

The  accompanying  figures  will  sufllicientl}^  indicate  the  structural 
peculiarities  of  Prodoxns  decipiens  and  how  markedly  it  diflTers 
from  Pronuba  yuccasella  in  the  larva  (fig.  7,  a)  having  no  legs 
(lacking  even  the  thoracic  legs  which  belong  to  the  latter)  ; 
in  the  pupa  (e),  among  other  diflerences,  lacking  the  series  of 
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dorsal  apade-likc  |>rojection3 ;  in  the  form  of  the  claspers  in  the 
male  iiiotli  (fig.  8,/,  g)  ;  in  the  much  stouter  and  differently  shaped 
ovipositor  of  the  female  (fig.  8,  b,  d)  ;  nml  especially  in  her  lacking 
the  maxillary  tentacles.  Oriposition  bu 
not  yet  been  observeil,  but  stems  that  have 
been  badly  infested  are  nsunlly  covered 
with  small  clonpiale-oval  scars  or  swellings 
witli  a  depression  along  the  middle  as  at 
Rg.  9,  a.  These  are  uiKtoubtedly  the  scars 
of  the  wounds  made  by  the  ovipositor, 
tliough  comparatively  few  of  them  show 
evidence  of  having  led  to  an  egg  or  a  larva. 
I  cannot  better  set  forth  the  differences  in 
the  two  insects,  whether  in  structnre  or  in 
habit  than  by  quoting  the  conclwling  por- 
tion of  the  article  in  the  American  Enlo- 
mologisl  above  alluded  to: 

"  The  larva  of  Piodoxus  never  quits  the 
stem  in  which  it  lives.  It  eats  compara- 
tively little,  packing  its  pale,  buff-colored 
excrements  verj-  tightly  in  its  burrow,  and 
spinning  as  winter  approaches  a  neat  cocoon 
of  white  silk  covered  on  the  ontsiile  with 
its  castings  [lig.  7,/].  Prior  to  forming 
its  cocoon,  a  passage  way  is  always  made 
to  the  outside  of  the  stem,  leaving  but  a 
very  Ihin  covering  [fig.  7,  g].  In  issuing, 
Uie  chrysalis  pushes  half  way  out,  very 
much  as  is  the  case  with  all  other  Lepi- 
doptcrons  endophyte.s  [fig.  7,  ft;  fig.  6,  6]." 
•  ■  •  "  Who,  stwdying  these  two  spe- 
cies in  all  their  characters  and  bearing, 
can  fail  to  conclude  that,  notwithstanding 
the  essential  iliffi'icnces  that  distinguish 
them  not  only  specificidly  but  generieally, 
they  are  <ierivalioii»  from  one  and  the 
same  ancestral  form?  Promcba,  depend- 
ing for  its  existence  on  the  polliiialion  of  the  flower,  is  pro- 
foundly mtHlifictl  in  the  female  sex  in  adaptation  to  the  peculiar 
function  of  polliuation.     Prodo^rua,  dwelling  in  the  flesh  of   the 
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fruit  or  in  the  flower-stem,  and  not  depending  upon  the  fructifi- 
cation of  the  plant,  is  not  so  modified,  but  has  the  ordinary  charac- 
ters of  the  family  in  both  sexes.  In  the  former,  the  larva  quits 
the  capsules  and  burrows  in  the  ground  :  it  has  legs  to  aid  it  in  its 
work,  while  the  chrysalis  is  likewise  beautifully  modified  to  adapt 
it  to  prying  through  the  ground  and  mounting  to  the  surface.  The 
latter,  on  the  contrary,  never  quitting  the  stem,  has  no  legs  in  the 
larva  state,  and  in  the  chrysalis  state  is  more  particularly  adapted, 
by  the  prominence  of  the  capital  projection,  to  piercing  the  slight 
covering  of  the  stem  left  ungnawed  by  the  larva.  The  former  is 
very  regular  in  its  appearance  as  a  moth  at  the  time  of  the  flower- 
ing of  Yucca  Jilamentosa^  a  fact  which  would  indicate  that  it  was 
modified  while  living  upon  that  species  and  had  a  range  coextensive 
with  it  and  other  species  blooming  simultaneously.  The  latter 
appears  earlier,  as  the  food  of  its  larva  is  earlier  ready.  Which 
of  the  two  insects  is  the  older  in  time,  or  whether  the  divergence 
from  some  archetvpal  form  has  been  simultaneous,  is  a  matter  of 
opinion  which  those  interested  in  evolution  will  decide  for  them- 
selves one  way  or  the  other,  or  according  as  knowledge  increases. 
That  other  species  of  both  these  genera  will  yet  be  discovered, 
there  can  be  but  little  doubt." 

Since  the  preceding  quotation  was  written  I  have  detected  a 
species  of  Prodoxus  which  is  still  more  closely  related  to  Pronuha 
yuccasella.,  and  have  obtained  another  species  of  Pi'onuba  and 
several  of  Prodoxus^  collected  upon  Yucca  (species  unknown)  at 
Caliente,  Kern  Co.,  Cal.,  by  Mr.  H.  K.  Morrison.  The  insects 
seem  to  be  not  uncommon  there,  but  Mr.  Morrison  searched  in 
vain  for  other  species. 

PuoNUBA  MACULATA  H.  sp. — Expanse,  $  21.5  mm;  $  17.8  mm.  Head 
white,  eyes  black,  mouth  parts  yellowish  but  very  sparsely  clothed  with 
white  scales;  autennaB  yellowish,  the  tips  fuscous,  sparsely  clothed  with 
scales  on  the  basal  half  only;  maxillary  tentacle  (fig.  10,  mt)  yellowish, 
the  base  •^reon,  large,  more  swollen  and  with  the  notch  or  elbow  near  the 
base  more  distinct  than  in  yuccasella ;  maxillaj  biistly  (In  ynccasella  they 
are  nearly  smooth).  Thorax  white:  primaries  (fig.  10,;)?*)  with  the  upper 
surface  opaque  white,  bordered  with  from  10-12  black  spots  (when  all 
are  present)  of  varying  size  and  running  from  just  beyond  the  middle  of 
the  wing  to  about  the  inner  angle;  the  disk  with  5  spots,  4  of  them  in  a 
Hue  from  base  to  apex,  tlie  2d  and  3d  rather  farthest  apart,  the  5th,  or 
middle  one,  below  and  nearest  the  3d  from  the  base ;  under  surface  deep 
fuscous.  Intensified  around  the  borders  and  with  the  spots  of  upper 
surface  barely  indicated;  fringes  white:  secondaries  transparent,  being 


634 


POLLINATION   OF   YUCCA  ; 


vei*y  slightly  covered  with  elongate  fiiscous  scales,  thickening  on  the 
borders,   especially  toward  apex;   fringes  faintly  fuscous:   legs  white, 
tarsi  very  sparsely  clothed  and  yellowish  except  at  extreme  tips  which 
are  more  fuscous.     Abdomen  white  beneath,  fuscous  above.     Integument 
of  head  yellowish,  of  thorax  and  coxas  black  or  blackish.      Terminal 
abdominal  joint  in  ?  short  and  thick,  obliquely  truncate  from  beneath 
(fig.   10,  a)  bare,   honey-yellow  with  its   base  black;   ovipositor  stout, 
decurved,  the  terminal,  horny  joint  (fig.  10,  tjo)  broad  and  rounded  at 
the  tip  and  its  edge  finely  denticulate.     Claspers  of  ^  shoit  and  abruptly 
curved  upward  as  in  yuccasella,  but  armed  with  only  one  tooth  and  this 
tooth  greatly  lengthened  and  preceded  by  a  deep  excavation  (fig.  10,  c). 


Fig.  10.— Proxura  maculata:  a,  tip  of  female  abdomen;  6jo,  basnl  Joint  of  ovi- 
positor; tjOt  terminal  Joint  do.;  or,  oviduct;  m,  maxilla;  iw/>,  max.  palpi* 
mt,  maxillary  tentacle;  c,  clasper  of  male  from  side;  pr,  front- wiiig^  showing 
arrangement  of  bpot  — hair  line  showing  nat.  size. 

Examination  of  the  venation  in  one  male  shows  that  marginal  veins  7 
and  8  arise  from  the  transverse  vein  independently  of  the  discal  branch  of 
the  subcostal  vein  and  that  the  upper  fork  of  the  independent  discal 
veinlet  is  wanting. 

In  one  of  the  male  specimens  only  4  of  the  spots  on  the  border  of  the 
primaries  are  present,  and  in  this  specimen  as  well  as  in  one  other  male 
and  one  female,  the  second  discal  spot  is  absent. 

Described  from  2  ?  ?  5  ^  J,  collected  in  California  by  Mr.  H.  K. 
Morrison. 

Easily  distinguished  from  P.  yuccasdla  by  the  smaller  size,  the  spots 
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FlO.     11.  — PRODOXUS    IXTERMEDIU8: 

a,  anal  abd.  Joint  of  female;  6Jo,  basal 
Jc. ovipositor;  s,  its  sculpture;  0'o»  ter- 
miDal  Jt.  do.;  or, oviduct. 


on  primaries,  the  broader  roaxiUary  tentacles  and  shorter,  blunter 
ovipositor;  and  by  the  male  claspers  being  deeply  excavated  before  the 
tooth  which  is  greatly  elongated. 

PuoDoxus  iNTKRMKDius  n.  sp.  $. — Expansc  28.5  mm.  Coloration  as  in 
Jh'omiha  ynccasella  and  immaculate  specimens  of  Prodoxus  decipicns. 
Ba-sal  joint  of  the  maxillary  palpi  not 
provided  with  a  tentacle,  but  having 
a  slight  tubercle  at  the  tip.  Apical 
joint  of  the  abdomen  (flg.  11,  a) 
shaped  as  in  Projiuba  yuccasellttj  but 
slightly  deeper  and  possibly  a  little 
thicker.  Ovipositor  (flg.  11)  shaped 
as  in  Pronuba  yuccaseMa^  but  slightly 
stouter,  more  acuminate  at  tip  and 
with  tlie  serrations  of  membrane 
finer  and  more  numerous.  The  sculp- 
ture of  basal  joint  shows  like  very 
fine  punctations  in  regular  rows. 

Described  from  2  ?  $  from  Texas 
(Boll),  and  1  ?  from  Ute  Pass,  Col., 
July  18,  1877  (Uiley). 

In  the  specimen  from  Ute  Pass  there  is  a  short  rounded  process  just 
before  the  apex  of  the  abdomen  on  the  under  side.  As  tkls,  together 
with  the  space  just  above  it,  is  veiy  thin  I  consider  it  to  be  the  result  of 
some  injury,  such  as  a  pinch  of  the  forceps,  which  the  specimen  may  have 

suffered  while  fresh.  (This  flat- 
tened portion  is  indicated  by  a 
dotted  line  In  the  figure.) 

Pkodoxus  marginatus  n.  sp.  — 
Expanse  10  mm.  Color  white,  the 
clothing  of  body  very  sparse,  es- 
pecially on  the  abdomen,  and 
showing  more  or  less  distinctly 
the  integument  which  is  dark 
brown  often  with  an  a»ncous  tinge. 
Antennte  bare  towards  tip  and 
yellowish.  Primaries  (fig.  12,  pr) 
satiny  white  with  a  terminal  black 
band  of  varying  width ;  under  sur- 
face fuscous,  almost  black  on  cos- 
tal and  posterior  borders;  fringes 
white.  Secondaries  white  with  a  broad  costal  and  apical  fuscous  shade; 
imder  surface  concolorous;  fringes  white.  Apical  abdominal  joint  of  9 
blackish,  slender,  very  obliquely  truncate  above,  the  tip  blunt-pointed 
(flg.  12,  a).  Ovipositor  short  and  stout ;  the  horny  terminal  joint  gradually 
narrowed  to  the  pointed  tip,  the  upper  edge  veiy  finely  and  acutely 


pur 
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Fig.   12.  — Prodoxus   marginatus:  a, 

anal  abd.  jt.  of  female ;  hj  o,  baeal  jt.  ovi- 
positor; Oo.  terminal  jt.  do.;  ov,  oviduct; 
c,  clampers  of  male  fi'om  above;  pr^  front 
wing  — liair-line  showing  nat.  size. 
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serrate  (fig.  12,  O'  o),  Claspers  of  g  (fig.  12,  c)  not  dentate,  their  form 
much  coucenlcd  by  scales,  the  large  arms  broad  and  of  nearly  uniform 
width;  large   upper  basal  piece  obtusely  angulated  in  the  middle. 

Described  from  3  ?  ?  and  i  S  S  collected  in  California  by  Mr.  H.  K. 
Morrison. 

Pkodoxus  cinkukl's  n.  sp.  f.  —  Expanse  12  mm.  Head,  thorax,  legs 
and  apical  ventral  joints  whitish.   Primaries  ashy ;  secondaries  and  under 

surface  of  all  the  wings  brown  with  a  cinere- 
ous reflection.  Tip  of  maxillary  palpi  and 
apical  third  of  antenna:  black;  the  Integ- 
ument of  body  black.  Claspers  (fljLf .  1 3,  a,  h,) 
dark  testaceous,  similar  In  form  to  those  of 
decipiens  but  without  teeth;  large  upper 
basal  piece  broadly  rounded  or  subtrun- 
cate ;  the  smaller  piece  beneath  it  of  similar 
8hai)e. 

Described  from  7  (J  (J,  collected  In  California  by  Mr.  H.  K.  Morrison. 


Fio.  13.  — rnonoxirs  cine- 
REUS :  male  clusperH  (,a)  from 
above;  and  {b)  from  side. 


PiioDOXi's  iENESCENS  u.  sp. — Expausc,  ?  14.7  mm.;  ^  11.2  mm.— 
14mm.  General  color  bronzy,  the  primaries  with  a  distinct  purple 
reflection.  Under  surface  of  thorax,  the  coxai  and  the  femora  clothed 
with  white  scales.  Head  whitish,  with  scattered  black  hairs;  labial 
palpi  with  black  hairs;  4th  and  5th  Joints  of  maxillary  palpi  and  the 
antenna;,  oxtrept  at  the  base,  black.  Integument  black.  Apical  abdominal 
joint  9  (fig.  14,  a)  swollen  as  In  P.  decipiens  and  obliquely  truncate  from 
above,  but  the  tip  Is  also  truncate  from  beneath  and  the  lower  boYder 
Is  slightly  excavated.    Ovipositor  short  and  stout,  very  broad ;  the  upper 


Fig.  ll.~riioiK>xr8  -*:xk^ckn8:  onnal  abd.  Jt.  of  female  with  ovipositor  I'etmcted; 
bjo,  basal  jl.  ovipositor;  tjo,  Uirniinul  Jt.  do.;  or,  oviduct;  c,  clas|>era  of 
male  from  above. 

bonier  of  the  horny  terminal  joint  (flg.  14,  tjo)  thin,  arched  and  finely 
serrate,  the  tip  obliquely  truncate  beneath  and  at  the  base  of  the 
truncation  forming  a  snuill,  thin  tooth,  the  base  beneath  forming  a  blunt 
tooth,  the  border  between  these  teeth  retuse.  Claspers  of  ^  (fl«r.  14^  ^j 
with  no  teeth  on  the  arms  beneath ;  the  arms  more  slender  than  in  cinereus 
and  narrowed  more  abruptly  near  the  base ;  the  broad  basal  part  with  a 
small  tooth  at  the  apex  within.  Large  upper  basal  piece  forming  a  stout 
process  at  the  apex. 

Described  from  3  ?  ?  and  8  S  S  collected  in  California  by  Mr.  H.  K. 
Morrison. 
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From  the  above  descriptions  it  is  evident  that  we  already  have 
represented,  in  the  few  species  so  far  known,  various  gradations 
between  the  more  typical  ovipositor  of  Pronuba  yuccasella  on  the 
one  hand  and  that  of  Prodoxus  deci'piens  on  the  other.  It  would 
also  seem  that  the  curious  maxillary  tentacle  possesses  simply 
generic  and  not  Famil}^  value.  Prodoxus  intermedius,  agreeing  so 
closely  with  Pronuba  in  all  respects  except  in  lacking  these 
tentacles,  shows  us  how  insects  of  different  genera  may  become 
similarly  modilied  in  special  parts  by  similarity  of  function  of 
such  parts  ;  for  we  may  with  tolerable  safety  assume  that  inter- 
medius  breeds  in  the  fruit  of  the  plant  and  probably  in  the  seed 
as  does  yuccasella^  existing  largely  through  the  intervention  of 
this  last  since  it  has  itself  no  special  means  of  pollinizing.'® 
The  male  of  this  species  is  not  positively  known  ;  but  two  speci- 
mens taken  at  Ute  Pass,  Col.,  on  the  same  da}'  with  the  female, 
and  two  others  taken  at  the  Monument  Park  the  next  day,  differ 
from  the  ^  of  Pronuba  yuccasella  only  in  the  somewhat  greater 
ex[)anse. 

Hitherto  rather  than  hastil}'  found  a  family  on  a  single  species 
even  where  there  are  good  structural  characters  not  covered  by 
former  characterizations  of  the  Family,  I  have  been  unwilling  to 
sei)arate  Pronuba  from  the  Tineid.!:  in  the  group  Tineina,  with 
which  family  it  has  most  affinities  in  its  venation  and  well  devel- 
oped maxillary  palpi.  But  with  the  addition  of  other  species  and 
another  genus  science  will  be  best  served  by  the  establishment  of 
a  distinct  family  which  I  would  call  Pkodoxid.e.  The  family 
characters  will  then  be: 

Imago  with  the  head  rovgh ;  labial  palpi  of  moderate  size  and 
curved  upjcard;  maxillary  palpi  long ^  elbowed^  h-jointed^  the  basal 
joint  either  j>rotruberant  or  modified  into  a  prehensile  tentacle;  aual 
joint  of  fe nude  compressed  from  the  sides,  bare  and  horny;  ovipos- 
itor  extensile,  the  terminal  joint  horny,  in  one  piece  and  adapted  to 
piercing  and  saiving ;    egg  very  soft,    elongate   and  flexile;    larva 

'"The  assertion  of  Dr.  H.  A.  Ilageii  in  a  recent  number  of  the  Vnumlian  En- 
toviol.ijist  (.Inly,  l^HO)  that  moths  which  he  l)re<J  from  the  flower•^tem  of  Yucca  were 
typical  s|»ecin^cn^*  of  Pronnha  ynccnstUn  and  ]K)s?e8se(l  its  curious  maxillary  ten- 
ta<les,  might  btrengthen  the  idea  that  these  organ.s  were  structures  of  dimorphic 
value  only,  but  Dr.  Hagen  has  since  admittcil  to  me  that  he  was  entirely  wnmg  and  that 
h\^  moth.-?  were  typical  specimens  of  Pnntoxus  (lecipietis.  I  need  only  reconl  the  fact, 
without  Inrlher  comment.  Indeed  Dr.  Hagen  has  made  (rome  beautiful  htudies  of  the 
anatomy  of  decipitus  which  strengthen  and  emphasize  the  differences  between  the 
two  inseclH. 
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either  without  prolegs  or  entirely  apodous;  chrysalis  with  a  strong 

capital  thorn. 

From  the  HvpoNOMEiTrDiE 
with  which  it  has  strong 
general  resemblances,  the 
family  is  at  once  distin- 
guished not  only  by  the 
anal  characteristics,  but  by 
the  different  venation  and 
by  the  possession  of  max- 
illary palpi.  In  the  typical 
Ilyponomeuta  the  antennae 
are  more  serrate,  the  head 
more  finely  and  closely 
scaled,  the  palpial  joints 
differently  proportioned, 
the  tip  of  abdomen  does  not 
extend  beyond  the  scales, 
the  front  wings  lack  the 
forked  disco-longitudinal 
vein  and  the  internal  vein 
is  simple,  not  forked  at 
base.     The    hind    wing    is 

usually    notched    on   costa   and    shows   the  frenulum    in    the  9 

more  distinctly-,  in  two  bristles.     The  accompanying  figures  will 

show  (fig.  15)  the   pterog- 

nostic    characters,    trophi 

and   anal    abdominal    joint 

of  a  9  ^I'  malinella  Zeller, 

a  common    European    spe- 
cies feeding  on  Apple,  and 

(fig.  16)  the  slightl}"  var}'- 

ing  venation  of   //.  midti- 

piincteUa  Clem.,  one  of  our 

own    species.      The    larval 

habits   are    also   quite    dif- 
ferent.   From  the  Gelecii>.« 

the  ruonoxiD.f:  are  readily 

distinguished    by    the   rougher   head    the    presence  of   maxillar}' 

palpi,  the  wing  characters  and  the  larval  characters  and  habits. 


FlO.  ir).  — IIVPOXOMEIITA  mamnella:  erf, 
yenation  of  female  front  and  hind  wings;  ?, 
head  wiUi  tongue,  labial  palpus  and  part  of 
antenna ;  /,  tip  of  abdomen. 


FlO.    10.  — IlYPONOMErTA    MULTIPrNCTELLA  t 

n,  6,  venation  of  front  and  hind  wings. 
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We  have  thus : 

Family  PRODOXID^. 

Genus  Pronuba.^^ 

P.  YUCCASELLA  Rilc}',  Tians.  St.  L.  Ac.  Sc,  III  (1872),  p.  56. 
Tegeticida  alba^^  Zeller,  Verh.  d.  zool.-bot.  Ges.,  XXIII, 
(1873),  S.  232  (Sep.  p.  32). 

P.     MACULATA^*  n.  Sp. 

Genus  Prodoxus. 

P.   DECiPiENS  Riley,  American  Entomologist.  Ill  (1880),  p.  155. 
Ul/ponomeuta   b-punctella'^   Chambers,  Canadian   Entomolo- 
gist, VII  (1875),  p.  7. 

HyponomexUa  paradoxica  Chambers  (Journ.  Cincinnati  Soc. 
Nat.  Hist.,  Oct.,  1878,  p.  9. 

P.  INTERMEDIUS    n.  Sp. 

P.  MARGINATUS    n.  Sp. 

P.  CINEKEUS    n.  sp. 

P.  .KNESCENS    n.  sp. 

"This  name  seems  to  be  preoccupied  in  Coleoptern,  as  Inm  informed  by  Dr.  Geo.H. 
Horn  thnt  it  in  uned  by  Thomson  iu  his  Classiflcntion  of  the  Longicorus,  18(K),  p.  211. 
In  this  event  Zellcr*s  Tegetyrula  will  take  precedence. 

^'^  Zeller  described  n*om  the  (f  only,  but  I  have  examined  his  type  in  the  Cambridge 
Musctnn  of  Comp.  Zool.  and  verified  the  fact  that  it  is  cf  /'.  yuccaseUa  and  not  Pro^ 
dorut  tlectpifns. 

^>  Tliid  is  (luitc  different  from  the  supposed  spotted  specimens  of  Pronuba  yuccatella 
which  Mr.  Chambers  found  in  Colorado  (See  American  EntomologUi  III,  p.  143),  all  of 
which  that  are  in  existence  and  which  l  have  carefully  examined  being  spotted  forms 
of  Prodoxus  decipient.  The  maculation  in  these  last,  tliough  variable,  is  on  a  different 
pattern. 

''''''  A  recent  reexamination  of  the  type  in  the  Cambridge  Mus.  of  Comp.  Zool.  leaves 
no  question  as  to  this  being  a  5*»pottcd  form  of  Prodoxus  decipietiM.  The  figures,  given 
in  the  Journal  of  the  Cincinnati  Soc.  Nat.  [fist.,  are  somewhat  inaccurate  In  detail 
and  are  turne<l  completely  around,  so  that  what  is  given  as  the  costa  is  the  inner  bor- 
der. 1  would  retain  my  own  nnme  for  the  immaculate  form  and  relegate  b-puncteUa 
as  a  variety  name  to  the  3-punctate  form  which  seems  to  most  prevail  in  parts  of 
Texa:?. 


640  THE    ARMY    WORM  ; 


Additional   Notes   on  the  Army  Worm  {Leucania  unipimcia). 
By  C.  V.  liiLEY,  of  Washington,  D.  C. 

[arstract.] 

It  was  my  privilege  to  lay  before  you  in  a  paper  published  in 
our  Proceedings  for  1876  (See.  B,  p.  270)  certain  facts  regarding 
the  Army  Worm  up  to  that  time  unrecorded.  The  widespread 
appearance  of  the  worm  the  present  year  has  enabled  me  to  revise 
some  of  the  views  then  entertained  and  derived  from  the  facts 
then  at  hand. 

Xnmber  of  a7inual  Generations. —  Experiments  at  St.  Louis 
showed  conclusively  that  there  were  always  two  and  sometimes 
three  generations  in  that  latitude.  Subsequent  experience  leads 
me  to  believe  that  there  may  be  one  more  there  and  that  farther 
south  there  is  a  succession  of  generations  with  scarcely  any  in- 
termission during  mild  winters.  The  prevailing  impression  has 
been  that  there  is  but  one  annual  brood  in  the  more  northern 
States.  This  impression  has  resulted,  doubtless,  from  the  worms 
appearing  in  vast  numbers  once  a  year  or  about  the  time  tjiat 
wheat  is  ripening.  The  truth,  however,  seems  to  be  that  even  in 
New  England  there  is  at  least  one  other  generation  of  worms, 
usually  unnoticed  and  more  slowly  developing  and  existing  during 
the  autumn,  winter  and  early  spring  months. 

Hibernation. — In  my  previous  paper  proof  was  given  of  hiber- 
nation in  the  moth  or  imago  state,  and  the  possibility  of  the  spe- 
cies hibernating  in  any  of  the  three  states  of  egg,  larva  and 
chrysalis  was  admitted.  During  the  past  year  accumulative  evi- 
dence of  the  hibernation  of  the  molh,  especially  towards  the 
South,  has  been  obtained,  it  being  one  of  the  commonest  hibernat- 
inj^r  moths  which  J  have  found  in  the  Southern  States.  The  fact  of 
hibernation  in  the  larva  state  has  also  now  been  established,  both 
b}'  the  occurrence  of  a  partly  grown  larva  in  the  stomach  of  a 
Blue-bird  taken  at  Normal,  III.,  by  Prof.  S.  A.  Forbes  as  early  as 
March  10,  or  before  vegetation  could  have  fairly  started,*  and 
from  its  having  been  received  at  the  Department  of  Agriculture 
from  South  Carolina  and  Tennessee  during  the  months  of  Deceuo- 
ber,  January  and  February  of  the  past  mild  winter,  with  accounts 

'This  larva  was  identiflcd  by  my  self  and  there  can  be  no  question  as  to  its  proper 
detcrminutiou. 
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of  injury  done  by  it.  That  larval  hibernation  is  far  more  gen- 
eral than  has  hitherto  been  supposed,  even  in  the  more  northern 
States,  is  rendered  probable  by  the  lateness  of  the  season  at  which, 
the  worms  have  been  found.  It  is  now,  therefore,  an  established 
fact  that  the  species  does  hibernate  both  as  larva  and  as  motli,  with 
strong  circumstantial  evidence  that  it  also  hibernates,  particularly 
northward,  as  a  chrysalis ;  but  we  have  no  evidence  that  it  can 
hibernate  in  the  egg.  The  fact  of  larval  hibernation  at  once  ex- 
plains why  the  burning  over  of  meadows  in  winter  time  is  bene- 
ficial as  a  preventive,  and  it  was  upon  the  result  of  such  burning 
that  we  heretofore  depended  for  the  theory  of  hibernation  in  the 
egg  state. 

All  the  facts  at  command  seem  to  indicate  that  the  hibernating 
individuals,  whether  worms  or  moths,  are  never  numerous  enough 
to  attract  especial  attention,  and  that  it  is  the  brood  generated 
from  moths  that  have  either  themselves  hibernated  or  are  devel- 
oped from  worms  that  have,  which  is  destructive. 

Jminigration  versus  local  Increase. —  It  is  evident  also  from 
what  has  preceded  that  we  may  have  excessive  injury  either 
as  the  resultant  of  natural  local  increase,  or  of  the  sudden  appear- 
ance of  the  moths  flying  in  great  numbers  from  other  localities 
and  concentrating  in  particular  fields.  This  will  account  for  the 
variation  in  the  time  when  the  injur}'  is  done,  as  it  is  well  known 
that  the  worms  appeared  at  "Deer  Range  farm,"  at  Islip,  L.  I.,  the 
latter  part  of  May  of  this  year,  or  three  weeks  earlier  than  in  other 
parts  of  the  island,  that  farm  being  on  a  neck  of  land  extending 
into  Great  South  Bay  to  which  the  moths  could  have  flown  from 
farther  south  on  the  New  Jersey  or  Delaware  coast  where  the 
worms  were  known  to  have  been  destructive. 

Why  tcet  wild  Grasses  seem  to  harbor  the  Woi^ms, — That  low, 
swampy,  wild  grass  lands  are  the  favorite  resort  of  this  insect,  as 
Dr.  Fitch  assumed,  is  now  rendered  very  doubtful.  Old  neglected 
fields,  whatever  their  elevation  or  location,  have  proved  to  be 
natural  breeding  places,  and  if  the  worms  more  often  appear  in 
low  lands  or  the  neighborhood  of  such,  the  fact  doubtless  finds, 
as  I  have  elsewhere  stated,  more  correct  explanation,  first,  in  the 
highly  probable  fact  that  the  parent  moth  gets  more  appropriate 
food  at  such  places,  either  in  saccharine  exudations,  the  "  sweat" 
of  the  plants,  or  the  moisture  of  the  ground ;  secondl}',  in  the 
well  observed  fact  that  such  lands  afford  the  greatest  extent  of 
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neglected  meadows  where  the  insect  has  opportunity  to  multipl}' 
unnoticed  by  man  and  undisturbed  by  cattle. 

Connection  of  wet  and  dry  Seasons  tcith  Army  Worm  Increase. — 
The  past  history  of  Army  Worm  years  shows  conclusively  that  dry 
seasons  are  favorable  to  the  multiplication  of  the  insect.  Fitch's 
theory  that  such  excessive  multiplication  occurred  only  during  a 
wet  season  following  the  dry  ones,  required  that  the  Spring  of  the 
present  year  should  be  a  wet  one,  whereas,  throughout  the  At- 
lantic States  where  the  worm  has  been  destructive,  the  exceptional 
drought  has  been  proverbial.  We  must,  therefore,  believe  that 
the  Army  Worm  is  most  likely  to  appear  in  destructive  numbers 
after  dry  seasons,  regardless  of  the  wetness  of  the  season  in  which 
it  does  so  appear ;  though  moist  cloudy  weather,  rather  than  hot 
dry  weather,  is  without  doubt  favorable  to  the  development  of  the 
«pecies. 


Some  recent  practical  Results  of  the  Cotton  Worm  In- 
qunty  by  the  u.  s.  entomological  commission.  by  c.  v. 
KiLEY,  of  Washington,  D.  C. 

The  Cotton  Worm  {Aletia  argiUacea  IliJbn.^)  has  already 
formed  the  sul  ject  of  two  papers  read  at  recent  meetings  of  the 
Association.  A  year  ago  1  presented  some  o!  the  facts  and  con- 
clusions regarding  the  habits  and  natural  history  of  the  insect, 
that  had  up  to  that  time  grown  out  of  the  investigation  begun  by 
me  three  years  ago  under  the  Department  of  Agriculture  and 
continued  under  the  auspices  of  the  U.  S.  Eutomological  Com- 
mission. It  is  my  purpose  in  the  present  short  paper  to  [>rcsent  a 
few  of  the  more  practical  results  obtained  up  to  the  [nesent  lime. 

PRINCIPLES    ESTABLISHED. 

While  experience  and  methods  must  vary,  there  are  certain 
underlying  facts  and  principles  which  we  have  fully  established, 
and  which  should  everywhere  guide,  since  they  obtain  all  over  the 
cotton  belt.  Among  the  more  important  of  these  that  have  a 
practical  bearing  are  the  following  : 

^Anomia  xylina,  Say. 
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1.  The  first  worms  appear  in  small  numbers,  much  earlier  than 
has  been  hitherto  or  is  usually  supposed,  and  generally  in  the  same 
particular  spots  year  after  year,  in  hibernating  centres  or  regions 
where  the  parent  moth  survives  the  winter ;  for  this  fact  of  sur- 
vival in  the  imago  state  in  the  southern  portion  of  the  belt  is  now 
established  upon  substantial  evidence. 

2.  These  first  worms  appear  much  earlier  than  the  so-called 
"first  crop,"  which  attracts  the  attention  of  the  planter,  and  they 
may  be  looked  for  early  in  Ma}-,  or  even  during  the  last  days  of 
April.  While  young  their  presence  is  most  readily  detected  b}' 
the  pale,  translucent  spots  they  make  on  the  leaves,  which  spots 
aie  a  sure  indication  either  that  the  worm  is  present  or  that  it  has 
been  ;  for  these  early  worms  are  frequently  swept  entirely  oflf  by 
their  enemies. 

3.  The  eggs  in  early  summer  are  laid  on  the  underside  of  the 
leaves,  and  very  uniformly  on  the  older  leaves  about  the  middle 
or  the  lower  third  of  the  main  stem,  and  the  young  worms  feed 
there  for  a  few  days,  producing  the  spots  above  described,  before 
ascending  to  the  more  tender  leaves. 

4.  The  parent  moths,  while  fond  of  all  vsorts  of  sweet  exudations, 
the  nectar  from  flowers  and  the  juices  of  fruits,  obtain  their  chief 
nourishment  in  earl}^  sunnner  from  the  glands  which  occur  on  the 
underside  of  these  leaves  and  on  the  involucre,  and  which  exude 
a  sweet  liquid.  They  are  able  to  suck  up  solid  particles,  and  may 
be  killed  by  i)oisoning  the  sweets  upon  which  they  feed. 

5.  The  eggs  of  the  Boll  Worm  are,  also,  mostly  laid  in  similar 
situations  and  rarel}'  on  the  squares  or  the  bolls,  and  the  young 
Boll  Worms  likewise  feed  upon  the  leaves  for  some  days  before 
entering  the  squares  or  the  bolls. 

From  the  above  well-proved  trut4is  it  follows  that  poisons  ap- 
plied to  the  under  surface  of  the  leaves  will  accomplish  more  good 
than  when  thrown  on  the  upper  surface,  as  is  the  connnon  custom. 
They  will  thus  more  surely  kill  these  young  worms  before  these 
do  any  damage ;  they  will  tend  to  kill  the  moths,  and  they  will 
likewi^^e  kill  the  voung  Boll  Worms. 

My  ellbrts  the  i)resent  season  have,  therefore,  been  principally 
directed:  1.  To  discovering  feasible  means  of  thus  poisoning; 
2.  To  improving  present  methods  by  diminishing  the  (piantity 
necessary  to  an  acre  and  the  labor  necessary  to  apply  it ;  3.  To 
the  discovery  of  cheaper,  safer  and  more  satisfactory  substances. 
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THE   BEST    POISONS. 

The  experience  of  the  year  has  so  far  given  us  notblDg  sapen'or 
to  the  substances  previously  tested.  We  have  over  five  tons  of  ex- 
tracts and  decoctions  of  various  native  plants  centered  at  Selma, 
Ala.,  made  either  by  Professor  R.  W.  Jones,  of  the  University  of 
Mississippi,  or  by  Mr.  Janoes  Roane  of  Georgetown,  D.  C,  agents 
of  the  Commission.  But  two  or  three,  so  far,  give  any  promise,  and 
these  not  much.  Yeast  ferment  or  beer  mash,  which  Dr.  Hagen,  of 
Cambridge,  so  strongly  recommended,  has  proved  entirely  useless. 
Of  the  various  arsenical  ix>isoDS,  Paris  green  still  proves  the  best, 
so  far  as  eiUcaey  and  harmlessness  to  the  plant  are  concerned, 
but  the  use  of  this  and  of  different  preparations  of  white  arsenic 
is  to-day  so  well  understood  that  they  neeil  no  further  mention. 

LONDON  PURPLE. 

or  this  arsenical  refuse  from  the  manufacture  of  aniline  dj'es, 
which  I  introduced  a  year  ago  with  a  good  deal  of  hope  as  a  cheap 
substitute  for  Paris  green,  it  will  be  well,  however,  to  say  a  few 
words.  The  testimony  in  regard  to  it  is  ver}'  generally  favor- 
able the  present  year,  as  I  anticipated  would  be  the  case  from  the 
experiments  we  made  a  j^ear  ago.  But  some  reports  are  less 
favorable,  and  such  mostly  come  from  parties  w^ho  have  not 
understood  how  properly  to  mix  and  use  it.  Pound  for  pound,  it 
should  be  made  to  go  twice  as  far  as  Paris  green,  i,  e.,  a  pound  of 
the  purple  is  sufficient  to  eighty  or  even  one  hundred  gallons  of 
water,  and  if  used  dry  should  be  in  proportion  of  one  to  forty 
parts  of  the  diluent. 

It  should  be  borne  in  miml  that  great  care  is  necessary  in  mix- 
ing it  in  water  to  prevent  its  forming  lumps,  and  that  it  acts  more 
slowly  than  Paris  green.  To  this  last  fact  is  due  most  of  the 
unfavorable  experience  and  judgment.  If  a  rain  follow  too  soon 
after  an  application,  the  purple  kills  comparatively  few  worms. 
Its  good  effects  are  fully  seen  only  under  favorable  circumstances 
on  the  second  or  third  day,  while  the  green  shows  its  good  etfects 
a  few  hours  after  application,  and  particularly  the  day  following. 
In  the  early  use  of  the  green  the  same  diversified  experience  was 
bad,  and  from  defective  methods  or  adulterated  material  unfavor- 
able results  were  quite  frequent.  One  source  of  failure  with  both 
these  materials  in  liquid  is  the  lack  of  provision  to  keep  them 
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stirred  up  and  well  suspended ;  another,  in  not  bearing  in  mind 
that  tlie  poison  has  greater  specific  gravity  than  the  water  in  which 
it  is  carried ;  so  that  in  poisoning  many  rows  at  a  time  the  finer 
spra^^  falls  on  the  furthermost  rows  with  little  or  no  poison. 

London  purple  is  exceedingly  fine  and  sifts  through  the  slight- 
est crevice.  This  is  an  advantage  to  the  planter  who  uses  it  on 
his  cotton,  but  necessitates  great  care  in  shipping.  The  manu- 
facturers have  shipped  it  for  the  most  part  in  barrels,  which  have 
permitted  it  to  leak  and  stain  other  goods,  as  well  as  the  vehicles 
of  transport,  thus  doing  more  or  less  injury  and  prejudicing  freight 
agents  against  it.  This  defect  should  be  remedied.  Some  of  the 
unfavorable  results  with  this  purple,  I  am  constrained  to  believe, 
have  resulted  from  adulteration.  Experience  would  indicate  that 
it  is  less  dangerous  to  use  than  the  green. 

PYRETHUUIC. 

This  powder,  of  which,  since  last  year's  experiments,  I  have  had 
great  hopes,  full}'  warrants  them.  No  other  vegetable  substance 
approaches  it.  Last  j^ear  while  it  was  found  by  Prof.  E.  W.  Ilii- 
gard,  of  California,  that  an  alcoholic  extract  of  any  part  of  the  i)lant 
possessed  the  insecticide  property,  I  had  serious  doubts  whether 
it  could  ever  be  successful!}'  used  in  the  cotton  field  because  of 
its  cost.  The  simple  powder,  mixed  with  flour  as  a  diluent,  could 
then  be  made  to  go  over  more  ground  than  the  alcoholic  extract. 
The  present  jear  we  have  found  that  a  simple  fluid  extract, 
made  after  the  ordinar}'  formula  of  the  pharmacopoeia  will  go 
much  farther,  and  that  the  extract  from  a  pound  kills  all  the 
3'oung  worms  when  dllutc<l  in  120  gallons  of  water!  Nay,  more, 
one  of  the  most  important  discoveries  is  that  it  acts  equally  well  or 
even  better  when  simply  mixed  with  water,  and  even  one  pound 
to  150  gallons  is  eflfective,  and  one  pound  to  200  gallons  will  cause 
the  destruction  of  most  3'oung  worms.  Its  action  is  really  mar- 
vellous ;  but  as  it  kills  by  contact,  its  eflJects  are  not  lasting  as  in 
the  case  of  arsenical  poisons,  which  act  through  the  stomach.  It 
produces  convulsions  and  paralysis ;  so  that  all  young  worms  in 
contact  with  it  soon  writhe  to  the  ground.  Larger  worms  are  less 
easily  affected,  but  the}^  soon  writhe  to  the  ground,  from  which 
the}'  rarel}'  recover,  even  if  the  pyrethrum  fails  in  the  end  to  kill ; 
for  once  on  the  ground  and  enfeebled,  a  host  of  enemies  are  ever 
read}'  to  finish  the  work  begun  by  the  powder.     This  insecticide 
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acts  quite  differently  on  different  insects,  but  Aletia  is  one  of  the 
most  susceptible  to  it.  It  acts  equally  as  well  in  rainy  weather, 
and  1  have  not  a  doubt  that  when  the  plant  is  grown  in  this  country 
so  that  the  cost  of  the  powder  will  be  nominal,  P^rethnun  will 
be  extensivel}'  employed  by  planters,  and  to  this  end  I  have  taken 
steps  to  have  it  introduced  and  cultivated.  Its  harnilessness  to 
man,  the  small  quantity  necessary,  and  the  fact  that  it  may  be 
grown  by  the  planter  himself,  will  ofi'set  the  greater  permanency 
of  arsenical  powders. 

OILS. 

Nothing  is  more  deadly  to  the  insect  in  all  stages  than  kerosene 
or  oils  of  an\'  kind,  and  they  are  the  only  substance  with  which 
we  may  hope  to  destroy  the  eggs.  In  this  connection  the  difliculty 
of  dilutin"^  them  from  the  fact  that  thev  do  not  mix  with  water 
has  been  solved  by  first  combining  them  with  milk,  either  fresh  or 
spoiled,  to  form  an  emulsion,  which  is  easily  effected,  while  this 
in  turn,  like  milk  alone,  may  be  diluted  to  an}'  extent  by  water, 
the  particles  of  oil  being  lield  homogeneously  in  suspension. 
Thus  the  question  of  applying  oils  in  any  desired  dilution  is 
settle<l,  and  something  practicable  from  them  may  be  looked  for. 

IMPROVED    APPLIANCES. 

Planters  will  apply  poisons  either  in  liquid  or  in  powder  ac- 
cording to  circumstances  and  conveniences.  The  wet  method,  ac- 
cording to  present  practices,  is  the  more  expeditious,  and  the  safer 
so  far  as  injury  to  man  and  stock  is  concerned.  It  acts  less  favor- 
ably  in  wet  weather,  the  first  outlay  in  appliances  is  greater,  and 
they  are  often  useless  where  the  soil  is  heavy  and  wet.  The  dry 
method  can  be  most  advantageously  used  in  wet  weather,  and  the 
application  is  most  persistent :  the  cost  of  diluents  has  hereto- 
fore been  great ;  there  is  more  danger  to  the  operator,  and  an  acre 
is  poisoned  less  quickly. 

Imi)ortant  advances  have  been  made  the  present  year  in  both 
methods.  The  perforated  sprinkling  nozzles  have  given  way 
wherever  they  have  come  into  couipetition  with  those  which  spray 
by  ol)struction  against  an  inclined  plate  or  by  pressing  the  water 
through  a  crescent-shaped  slit.  The  simplest  and  cheapest  nozzle, 
and  that  which  least  clogs,  will  give  most  satisfaction,  for  which 
reason  one  which  I  introduced  the  present  summer,  and  which  is 
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known  as  the  Riley  sprinkler,  has  been  largely  used.  It  is  a 
simple,  semicircular  piece  of  metal,  about  three  inches  in  diameter, 
with  a  narrow  strip  of  the  straight  edge  bent  upward  at  an  angle 
of  about  45°,  and  the  nozzle  so  adjusted  that  the  jet  strikes  the 
angle  of  the  bend  at  its  middle. 

Experiment  show^s  that  there  is  a  limit  to  the  subdivision  of  the 
liquid  beyond  which  it  cannot  practically  be  carried,  both  on  ac- 
count of  the  greater  tendency  of  the  nozzle  to  clog  and  of  the 
greater  specific  gravity  of  the  poison  compared  to  water  in  fine 
spray ;  so  that  in  attempting  to  throw  a  fine  spray  over  ten  or 
twelve  rows,  the  outer  rows,  as  already  stated,  receive  no  poison. 
This  hist  obstacle  applies  less  to  pyrethrum,  which  has  least 
specific  gravity.  Nevertheless,  experiment  has  demonstrated  that 
forty  gallons  of  poisou  may  be  successfully  made^to  go  over  three 
acres  of  cotton  instead  of  one,  which  is  a  great  gain.  In  using 
the  poisons  dry,  it  does  not  seem  possible  to  advantageously 
diminish  the  amount  per  acre  by  any  present  appliances,  but  I 
have  reason  to  believe  that  a  diluent  of  simple  earth  well  dried 
and  pulverized  may  be  used  with  as  much  advantage  as  any  more 
costly. 

POISONING    FROM    BELOW. 

Now  the  throwing  of  the  poison  from  below  will  enable  us  to 
diminish  much  further  the  quantity  to  be  thrown  on  the  plant  in 
either  method,  and  one  of  the  ideas  originated  and  now  being 
tested  b}'  the  Commission  is  to  throw  the  poison  upon  the  plants 
by  means  of  rotating  brushes.  This  method  promises  full  success 
and  is  probably  the  simplest  and  cheapest  by  which  the  principles 
mentioned  in  the  beginning  of  this  paper  can  be  satisfactorily 
applied.  It  has  these  further  advantages :  the  amount  of  the 
poison  is  easily  regulated  ;  it  is  uniformly  applied  ;  it  remains 
longer  and  is  not  so  easily  washed  off  by  rains,  and  finally,  the 
plan  does  away  with  pumping  and  stirring.  The  brush  is  made  to 
revolve  in  a  box  or  trough,  which  is  supplied  with  fluid  poison  on 
the  principle  used  in  automatic  inkstands,  or  with  powder  from  a 
hopper  having  slits  from  which  the  bristles  brush  out  the  powder. 
The  spray  may  be  produced  by  the  centrifugal  force  from  rapid 
rotation,  in  which  case  the  box  is  only  open  on  the  side  from 
which  the  spraj'  is  desired,  while  the  slow  turning  of  a  very  stiff 
brush  against  an  edge  will  throw  either  a  spray  or  a  cloud  of 
powder  by  the  elasticity  of  the  bristles  as  they  spnng  out  from 
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under  the  edge.  It  is  useless  to  go  into  details,  and  we  hare  not 
yet  decided  whether  steel,  whalebone,  bristle  or  broom  corn,  or 
some  other  material  will  prove  best.  Prof.  W.  S.  Barnard,  of 
Ithaca,  N.  Y.,  is  now  working  out  the  details  of  the  gearing, 
and  will  continue  to  experiment  with  different  devices  and  on  dif- 
ferent principles.  He  has  already  made  some  very  important  dis- 
coveries which  will  be  duly  recorded  in  the  next  report  of  the 
Commission  on  the  subject.  Another  simple  plan  now  being 
tried,  for  applj^ing  wet  poison  to  both  sides  of  the  leaves,  with- 
out involving  machinery,  is  by  a  long,  heavy  fringe  upon  which 
the  poison-fluid  drips,  and  from  which  it  is  wiped  off  by  the 
leaves  as  they  are  pulled  through  its  pendent  parts,  which  hang 
down  among  the  branches  while  it  is  carried  over  the  row. 
Another  principle  will  be  practicall}-  applied  and  worked  out,  if 
possible,  by  Mr.  J.  D.  Cross,  of  Alabama.  It  is  to  throw  the 
powder  behind  a  cultivator  by  means  of  a  revolving  fan,  worked 
b}'^  a  spring  to  be  wound  up  at  intervals,  so  that  the  plant  may  be 
poisoned  without  extra  labor  when  it  is  being  for  the  last  time 
cultivated  or  laid  by.  It  is  unnecessary  to  allude  here  to  experi- 
ments that  have  given  no  practical  results. 

EARLY    POISONING. 

The  importance  of  poisoning  early,  or  when  the  very  first  ap- 
pearance of  the  worm  is  manifest,  cannot  be  too  strongl}'^  insisted 
on.  Wherever  it  has  been  done  early  and  judiciously  the  crop 
has  been  saved,  and  the  contrast  between  the  poisoned  fields  and 
those  not  poisoned  is  most  marked.  The  latter  have  been  defoli- 
ated over  a  month,  and  will  yield,  on  an  average,  but  one-third  as 
much  cotton  as  the  former,  and  that  of  an  inferior  qualit}-. 

weather:  conclusion. 

The  weather  throughout  most  of  the  cotton  belt  has  been  unfav- 
orably wet,  and,  indeed,  the  persistent  rains  have  greatly  interfered 
with  the  experiments  and  the  work  of  the  Commission.  Yet  we 
have  reached  a  stage  in  the  management  of  the  worm  when  there 
is  no  longer  any  excuse  for  loss  b}'  its  ravages,  and  with  the  re- 
sults of  this  year's  labors  of  the  Commission,  I  feel  that  I  have 
measurably  accomplished  what  I  set  out  to  do  three  years  ago,  viz. : 
to  get  thorough  and  accurate  knowledge  of  the  habits  of  the  prin- 
cipal insects  injuriously  affecting  the  cotton  plant  —  a  knowledge 
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which  did  not  then  exist  —  and  to  learn  best  how  to  control  them. 
The  Caterpillar  and  the  Boll- worm,  the  two  worst  of  these  enemies, 
will  soon  cease  to  be  a  cause  of  anxiety  to  intelligent  and  enterpris- 
ing planters.  How  best  to  overcome  in  this  connection  the  neg- 
ligence and  indisposition  of  the  more  cai'eless  and  ignorant  of  the 
cultivators,  of  whom  there  ai'e  so  many  among  the  freedmen,  is  a 
question  which  1  may  consider  at  some  future  time. 


The   hitherto  unknown  Life-habits  of  two  genera  of  Bee- 
flies  (Bombyliidce)  By  C.  V.  Riley,  of  Washington,  D.  C. 

[abstract.] 

The  paper  gives  the  life-histoiy  of  Systcechus  oreas  O.  S.  and 
of  Triodites  rmis  O.  S.  and  shows  that  their  larvaB  have  the  same 
habit  of  preying  on  locust  eggs.  It  calls  attention  to  the  paral- 
lelism in  the  life-histor}'  of  the  Bee-flies  and  of  the  Blister-beetles. 
The  Bombyliidie  (accepting  the  more  recent  expansion  of  the 
family),  so  far  as  their  habits  have  been  hitherto  recorded,  were 
known  to  prey  parasitically  in  the  larva  state  upon  the  larva  either 
of  burrowing  bees  (genera  Anthophora^  Andrena,  Ilalictus,  CoUeteSj 
etc.),  of  mud-daubing  wasps  {Trypoxylon,  etc.),  or  on  the  pupae 
of  certain  Lepidoptera  (e.  ^.,  Limacodes),  Yet  certain  genera 
develop  in  the  egg-masses  of  the  Acrididse,  feeding  upon  the  eggs. 
So  the  habit  of  the  Meloidse,  so  far  as  known  up  to  the  year  1877, 
was  to  live  parasitically  in  the  cells  of  either  burrowing  bees  or 
mason  bees,  though  certain  genera,  e.  g, :  Epicauta  and  Macroha' 
sis^  were  then  shown  to  prey  on  locust  eggs.  (See  Proc.  of  the 
Association  for  1878,  B.,  p.  18.)  The  abundance  of  both  the 
Bombyliidffi  and  Melo'idae  in  the  western  country  is  referred  to 
as  directly  connected  with  the  prevalence  of  locusts  there,  and  the 
facts  of  retarded  development  in  the  early  stages  of  both  families 
are  recorded  and  explained  as  a  characteristic  beneficial  to  the 
species  which  must  depend  on  such  uncertain  food  as  the  eggs 
of  insects  like  the  migratory  locusts,  which  in  some  years  prevail 
in  great  abundance  and  in  others  become  scarce  or  are  not  found 
at  all,  in  given  localities. 


650  ON   LIGHTNING   BUGS  ; 

On  Lightning  Bugs.     By  John  L.  Leconte,  of  Philadelphia,  Pa. 

Since  the  publication  of  my  s3mopsls  of  Lampyridae  in  1851 
(Proc.  Acad.  Nat.  Sc,  Phila,  1851,  331),  but  few  species  of  the 
family  have  been  described  in  this  country,  and  no  very  important 
improvement  has  been  made  in  their  classification  ;  about  the  same 
time  I  published  in  the  Journal  of  the  same  Society  (New  Ser.,  i, 
73)  a  synopsis  of  Lycidoe,  one  of  the  sub-families  of  Lampyridae. 
This  last  mentioned  synopsis  is  one  of  my  early  and  crude  contri- 
butions to  science,  which,  if  the  study  of  Natural  History  had 
been  farther  advanced  in  this  country,  would  have  been  kindly 
suppressed,  or  returned  to  me  for  revision.  In  the  Classification 
of  the  Coleoptera  of  N.  A.,  I  have  established  the  family  with 
diflferent  limits  than  those  adopted  by  European  writers  at  that 
time  (18G1),  and  constituted  it  of  the  three  following  sub-families, 
which  are  here  more  fully  defined  : 

Middle  coxa;  distant,  epipleurae  wanting Lycid^. 

Middle  coxae  contiguous,  epipleurte  usually  wide  at  base,  epis- 
terna  of  metathorax  with  inner  margin  sinuate    .   .  .   Lampyrid^. 

Middle  coxae  contiguous,  epipleurae  narrow  at  base,  episterna  of 
metathorax  not  sinuate  on  inner  margin Telephorid-e. 

A  detail  of  the  minor  groups  and  tribes  composing  these  fami- 
lies would  be  here  out  of  place,  and  may  be  found  in  ni}'  Classi- 
fication ;  they  will  be  fully  exposed  in  a  synopsis  of  the  genera 
and  species  now  ready  for  press.  Otherwise,  the  habits  and  life 
history  of  a  few  species  have  been  more  or  less  thoroughly  observed 
and  recorded. 

For  the  past  few  years  I  have  been  trying  to  procure  material 
to  enable  me  to  make  a  more  complete  synopsis  of  the  genera  and 
species,  and  a  better  exposition  of  their  relations  to  each  other 
than  1  had  been  able  previously  to  give.^ 

For  furnishing  series  of  larvae,  pupae  and  imagines  of  species 
from  her  vicinity,  I  am  under  especial  obligations  to  Mrs.  V.  O. 
King,  of  Austin,  Texas.  An  excellent  account  of  the  transfor- 
mations of  Pleotomus  jxxllens  from  her  pen  has  been  printed  in 
Psyche,  iii,  51  (1880),  and  equally  valuable  life-histories  of  other 
species  may  be  expected  in  the  future. 

>  I  wouM  here  mention  that  no  reference  Is  ma<le  in  the  text  to  the  important  general 
work  of  L.u'onlaire,  or  the  excellent  faunal  Europcjiu  work  of  Du  Val,  in  which  the 
genera  have  been  tabulated  in  a  convenient  manner,  but  without  special  reference  to 
our  species,  except  what  has  been  derived  ft'oni  my  own  works  cited  above. 
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I  congratulate  myself,  that  by  the  slow  progress  of  m}'  studies 
and  the  tardy  manner  in  which  some  of  my  correspondents  have 
replied  to  my  request  for  larger  series  of  specimens,  I  am  now 
able  to  profit  by  the  recent  publications  of  Mr.  C.  O.  Waterhouse^ 
on  Lycida?,  and  Rev.  H.  S.  Gorham^  on  Lampyridae. 

The  object  of  the  present  essay  is  simply  to  give  some  popular 
information  in  regard  to  the  characters  of  these  insects,  and  to 
correlate,  so  far  as  our  species  may  permit,  the  light-giving  faculty 
with  other  structures ;  I  will,  therefore,  not  enter  here  into  a  close 
analysis  of  the  relations  of  the  genera. 

It  is  then  sulflcient  to  say,  that  none  of  the  Lycidse  or  Teleph- 
oridaj  possess  any  light-giving  organs,  and  that  they  are  diurnal 
in  their  habits.  In  some  of  the  Lycidae  the  front  part  of  the  head 
is  prolonged  into  a  beak,  and  in  many  of  them  the  elytra  are  very 
large,  expanded  and  coarsely  reticulated.  The  peculiar  structures 
of  some  Telephoridfe  will  be  noticed  farther  on. 

The  Lampyridffi  proper  comprise  all  the  luminous  species,  though 
this  faculty  is  possessed  by  them  in  a  very  unequal  degree,  and  in 
some  genera  and  species  of  diurnal  habits  is  quite  wanting.  For 
our  present  purposes  their  division  may  be  indicated  into  tribes 
and  groups  as  follows  : 

A.  Side  pieces  of  Metathorax  narrow  ; 

a,  (J  and  9  similar  or  nearly  so ;  antennte  long,  last  joint 
simple. 

b.  (J  and  9  conspicuousl}' different ;  antennie  short,  last  joint 
with  acicular  appendage, 

B.  Side  pieces  of  metathorax  wide  (  9  unknown)  ;  palpi  very 
unequal,  mouth  organs  more  developed. 

The  series  A  a  contains  the  largest  number  of  genera  and 
species,  and  exhibits  a  gradation  from  Matheteus^  with  widely 
separated  pectiivate  antennae,  and  general  Lyciform  appearance, 
through  Photinus^  with  approximate  filiform  antennae,  and  head 
retracted  under  the  prothorax,  to  Photuris^  with  the  antennae  fili- 
form, and  the  head  partly  exposed.  There  is  thus  a  continuous 
line  of  atfinities  in  this  series  from  the  diurnal  Lycidae  to  the 
diurnal  Telephorida*. 

Now  besides  the  gradations  in  structure  just  mentioned  there 
are  great  differences  in  the  sizes  of  the  eyes,  and  in  the  develop- 

2  Br.  Mus.  Cut.  IllustratloiiH;  Coleoptera,  Part  1,  Lycidae,  1879. 

*  Traus.  Ktit.  Sue.  Loudun,  IdSO,  p.  1,  G3,  83,  and  Pruc.  loc.  cit.  infra. 
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ment  of  the  light  organs.  In  the  species  usually  seen  flj'ing  by 
day  {Lucidota,  EUychnia^  etc.)  the  light  organs  are  indicated  by 
feeble  yellowish  spots  on  the  last  ventral  segments,  but  do  not 
seem  to  possess  any  light-giving  power ;  in  these  the  eyes  are 
lateral,  rather  small  in  9  ,  but  larger  and  more  convex  in  <y  ;  they 
are  widely  separated  above  and  beneath  as  in  Lycidae. 

The  series  A  h  contains  a  much  smaller  number  of  genera,  and 
in  them  the  antennae  are  approximate,  usually  filiform,  rarely 
{Pleotomus)  bi pectinate.  The  number  of  joints  varies  from  9  to 
14,  and  the  last  joint  has  at  the  end  a  small  acicular  appendage 
simulating  an  additional  joint.  The  eyes  of  the  $  are  excessively 
large,  almost  contiguous  above  and  beneath,  leaving  very  little 
room  for  the  mouth  and  antennae  ;  in  the  9  the  eyes  are  moderate, 
or  even  small,  lateral  and  widely  separated.  The  light  organs  are 
varied,  sometimes  brilliant  in  both  sexes,  sometimes  weak  in  both 
sexes,  and  sometimes  brilliant  only  in  the  9  .  Their  food  consists 
of  small  terrestrial  moUusca. 

The  third  category,  B,  consists  of  Phengodes  and  allied  genera 
in  which  the  side  pieces  of  the  metathorax  are  wide.  I  know 
nothing  by  observation  of  the  luminous  qualities  of  these  insects, 
of  which  only  males  are  known.  They  are  all  rare,  and  I  have 
seen  none  alive.  But  we  here  owe  our  special  thanks  to  Mrs.  King 
for  the  patient  quest  which  has  been  rewarded  by  the  discovery  of 
the  pupa  of  Phengodes^  and  which  will  probably  result  in  another 
season  in  the  detection  of  the  larva. "* 

I  am  also  indebted  to  Mrs.  King  for  a  larva  of  Mastinocertis^  of 
slender,  cylindrical  form  and  pale  color.  It  was  feebly  luminous, 
and  lived  upon  small  snails.  The  perfect  insect  is  thus  mentioned 
in  a  letter,  the  observations  being  made  upon  a  specimen  attracted 
by  the  lamp  :  '*  June  4th  saw  running  rapidly  over  the  table  near 
a  lighted  lamp,  a  small  Coleopter ;  it  was  twisting  its  abdomen  up 
over  its  wings,  and  evidently  tr3ing  to  straighten  them  out,  as 
they  seemed  moist  and  twisted  at  their  ends.  The  general  appear- 
ance suggested  MastlnoceruSy  and  acting  on  this  thought,  I  cap- 
tured it  and  sat  up  till  a  late  hour  to  be  assured  of  the  truth.     The 

*  It  is  BtlU  uncertain  whether  the  largo  luminous  larvaj  described  by  Bm'on  Oaten 
Sacken  (Proc.  Ent.  Soc.  Phila.,  i.  1'23,  pi.  1,  f.  8)  belong  to  the  Elateride  MeUifmctes  or  to 
Phengodes.  Species  of  botli  genera  are  found  in  nearly  all  parts  of  the  United  States, 
butUiough  the  larvie  seem  to  resemble  tlialof  Mattitiocerus  i-eferred  to  in  the  text  more 
than  any  described  Elateride  larvae,  it  is  more  probable  that  they  should  be  referi*ed  to 
the  latter  family. 
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insect  was  in  a  small  vial,  and  moved  quickly.  It  gave  out  light 
conspicuously  from  the  head,  feebly  from  the  anal  end,  and  still 
more  so  from  about  the  base  of  the  abdomen.  The  light  seen  in 
the  head,  though  visible  in  the  dark  as  a  round  spot,  yet  when 
taken  into  a  room  obscurely  lighted  was  invisible  from  above ;  but 
when  the  insect  was  suddenly  thrown  upon  its  back  a  light  no 
larger  than  a  pin  point  was  seen  just  about  the  junction  of  the 
head  and  prothorax."     .     .     . 

It  is  quite  possible  that  the  genera  of  the  other  continent  con- 
stituting the  sub-family  Drilidae  should  be  placed  as  a  group  of 
this  series ;  but  upon  this  point  I  cannot  speak  with  confidence,  as 
I  have  had  no  opportunity  of  studying  them  carefully.  They 
live  on  snails,  and  some  of  them  pass  through  their  transforma- 
tions in  the  shells  of  the  animals  upon  which  they  have  fed. 

As  regards  the  third  sub-family,  Telephoridae,  it  is  merely  neces- 
sary to  mention  that  the  e^'es,  without  being  excessively  large  in 
either  sex,  are  invariably  larger  in  the  $  than  in  the  9  i  ^^^  that 
in  the  lower  forms  {Malthodes,  etc.)  there  is  an  extreme  compli- 
cation in  the  development  of  the  last  abilominal  segments. 

We  have,  then,  in  Lycidae  a  tendency,  with  simple  sexual  char- 
acters, to  elongation  of  the  anterior  part  of  the  head.  In  the 
LampyridsB  the  sexual  characters  are  diffused  over  the  whole  body, 
but  with  no  tendency  to  elongation  of  the  head  or  complication  of 
the  posterior  abdominal  segments  ;  and  in  addition  there  is  a  pecu- 
liar apparatus  for  the  emission  of  light,  which  although  absent  in 
some  genera,  does  not  exist  at  all  in  the  other  two  sub-families. 

Finally,  in  Telephoridce  there  is  a  slight  reminiscence  of  the 
anterior  extension  of  the  head  in  certain  species  of  Podabrus,  which 
have  a  broad  muzzle.  In  general  the  mouth  organs  are  more  power- 
ful than  in  the  other  sub-families.  The  sexual  characters  are  of  an 
ordinary  kind,  but  in  ChauUognathus  and  Malthodes  the  last  ab- 
dominal segments  of  the  (f  are  largely  developed.  In  some  spe- 
cies of  the  last  named  genus  the  complication  of  these  rings 
resembles  nothing  that  I  know  in  nature,  except  the  curious 
structures  of  Tipulidie  figured  by  Osten  Sacken.^  In  Idttliyurus^ 
an  Asiatic  genus,  the  middle  legs  of  the  $  are  singularly  inflated  ; 
and  in  SlUs  there  are  curious  processes  near  the  hind  angles  of  the 
prothorax ;  a  very  deep  fissure  limited  on  each  side  by  a  pro- 
longation, and  complicated   by  a  movable    articulated    process 

*  Froc.  Acad.  Nat.  8c.  Pbila.,  1859,  197,  pi.  8  and  i. 
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• 

attached  to  the  inflexed  flank  of  the  prothorax.  In  several  species 
this  articuhited  process  terminates  in  a  long  bent  filament,  and  the 
apparatus  probably  serves  like  a  somewhat  similar  one  on  the 
first  antennal  joint  of  the  $  of  the  Malachide  CoUojys,  to  clasp 
the  antennae  of  the  9  • 

After  this  statement,  which  is  as  brief  as  I  can  make  it,  of  the 
arrangement  into  sub-families  and  tribes  of  the  Lampyrida^,  with 
the  principal  modifications  of  structure  in  each,  we  are  prepared  to 
consider  the  variations  in  the  light  organs,  and  their  sexual  cor- 
relation with  the  eyes  and  wings  in  the  LampyridiB  proper. 

We  have  seen  that  the  greatest  development  of  the  e3'es  takes 
place  in  the  male  of  the  series  A  6,  or  Lampyrini,  in  which  the 
antenna?  are  very  short  in  both  sexes.  The  female  is  without 
wings,  and  has  the  eyes  moderate  (Pliausis),  or  very  small  (Mi- 
crophotus).  The  light  organs  are  either  brilliant  in  both  sexes 
(Phausls  reticidatii)^\saui'mg  in  the  male  {P.  inaccensa^  female  un- 
known), feeble  in  male  and  brilliant  in  female  {Pleotomus^  and 
probably  Mlcrophotns) .  In  the  Photini  the  light  organs  are  com- 
pleteh'  wanting  {Tetinspis,  n.  g.),  obsolete  and  ineflfective  (Lu- 
cidota^  EUychnia  most  species)  ;  well  developed  in  both  sexes,  but 
more  brilliant  in  male  than  female  (Pf/ractornena^  Phothuis)  ; 
equall}^  brilliant  in  both  sexes  {Photur is)  :  in  all  these  the  antennas 
are  long,  either  slender  or  broad,  and  closely  approximate  ;  the  eyes 
are  widely  separated  on  the  upper  side,  and  usually  also  beneath. 
In  Matlieteus  and  Poh/ddsis,  the  antenna?  are  pectinate,,  or  bipec- 
tinate,  and  rather  widely  separated  ;  the  eyes  are  more  distant,  and 
the  light  organs  wanting. 

ThePhengodini  are  known  only  by  the  male.  The  eyes  are  lateral, 
convex,  moderate  in  size,  and  widely  separated  ;  the  antcnme  are 
distant  at  their  insertion,  plumose  in  Phengodes  and  Zarhipis 
(n.g.)  ;  bipectinate  in  Mastinocerus  and  CenopheiKjus  (n.g.)  ;  j)ec- 
tinate  in  Pterotus,  and  serrate  in  T]itthonyx^  if  I  am  correct  in 
associating  that  genus  with  this  tribe.  P/ieugodes  is  said  by  La- 
cordairc'^  to  be  luminous,  while  the  observations  of  Mrs.  King 
above  cited  prove  that  Mastinocerus  is  also  phosphorescent. 

From  this  detailed  statement  it  may  be  inferred  that  there  is  no 
distinct  correlation  between  the  eyes,  the  antennte,  and  tlic  light 
organs  o('  the  two  sexes  which  obtains  for  the  whole  sub-family. 

That  the  eyes  of  the  male  should,  in  comparison  with  the  other 

«  Gen.  Col.,  iv,  345. 
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organs  of  special  sense,  the  antenna?,  be  more  largely  developed 
than  in  the  female,  is  explicable  from  the  more  generally  active 
disposition  of  that  sex,  but  that  these  characters  should  prevail  in 
the  contradictor}^  categories,  where  the  female  is  more  brilliant,  and 
where  she  is  less  brilliant,  than  the  male,  does  not  seem  to  me 
explicable  either  on  grounds  of  teleology  or  natural  selection, 
and  especially  do  these  explanations  seem  imperfect  when  we  con- 
sider that  the  largest  eyes  are  possessed  by  those  males  which 
seek  the  most  brilliant,  but  also  the  most  helpless  females. 

The  luminous  powers  of  these  insects  suggest  three  distinct 
investigations,  which  seem  to  me  very  important,  and  to  which  I 
would  earnestly  invite  the  attention  of  m}'  colleagues  in  other 
branches  of  science : 

1st.  Spectroscopic  examination  of  the  nature  of  the  light,  and 
an  analysis  of  the  elements  concerned  in  producing  such  brilliance 
at  low  temperatures.*' 

2nd.  Biological  observation  of  the  particular  arrangement  of 
cells,  which  enables  such  an  amount  of  light  of  a  higli  grade  to  be 
produced  by  the  metamorphosis  of  ordinary  tissues,  without  the 
heat  of  incandescence.® 

3rd.  Chemical  analysis  to  determine  the  nature  of  the  proximate 
principles  which  are  tims  oxidized  in  the  production  of  light  without 
heat.« 

None  of  these  researches  can  be  conveniently  made  in  the 
northern  states,  but  in  the  middle  and  southern  states,  and 
especially  in  tropical  America,  they  can  be  readily  entered  into, 
and  none  of  them  fall  properly  within  the  sphere  of  investigation 
of  entomologists. 

'  Some  t-Wght  offorts  have  been  made  in  this  line  of  investij^ntion,  but  nothing 
8ati^l'url«)iy  ha»  been  published.  Mr.  Meldola  (Proc.  Kut.  Soc.  Lon«ion,  INSO,  p.  iii), 
ob>erves:  "that  liie  exact  nature  of  the  pljospliorescence  was  still  an  unsolved 
problem  botli  to  tl>e  physicist  and  biologist.  Some  years  ago  he  ha«i  examined  the 
»IKM-tium  ol  tlie  glow-worm,  and  found  that  it  waH  continuous,  being  rich  in  Iduc  and 
green  ^ay^,  and  comparatively  poor  in  red  and  yellow." 

*"  In  regard  to  the  t>tructurc  of  the  light-giving  organs,  I  have  found  only  some 
euperllcial  notices  by  authors  whom  it  is  f^carcely  necessary  to  cite  on  the  present 
occabion.  Jt  is  nan-ated  that  they  are  ri<:h  in  fat  cells,  and  abundantly  supplied  with 
nerves  and  air-tubes;  the  histological  observaliouh  of  Schultze  do  not  show  the  manner 
in  which  the  light  is  produced. 

»  Ah  to  the  composition  of  the  fats  contained  in  these  special  organs,  I  believe  that 
no  invcftigation  has  been  ma«le  except  the  few  unsatisfactory  ones  mentioned  in  my 
.Synopsi-i  of  I^ainpyridae  of  ilie  U.  S.  (Trans.  Am.  Ent.  Soc.  lt»8l,  p.  15),  now  passing 
through  the  press,  though  in  this  instance,  as  in  the  cases  of  the  acid  secretion  of 
J/orjyilus  the  liquid  explosively  emitted  by  liradiinus,  and  the  singular  excretion 
ChlacniuA^  which  combines  the  odor  of  camphor  and  creosote,  the  materials  are 
easily  procured,  and  the  results  would  be  physiologically  iuiportaut. 
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It  is  unnecessaiy  for  me  to  expand  on  the  scientific  value  of  the 
investigations  here  proposed.  Luminosity  of  a  mnch  lower  gi*ade 
than  that  exhibited  by  these  insects  has  been  generally  ascribed 
by  physicists  to  matter  at  very  high  temperatures,  even  in  the 
cases  of  aurorae  and  nebula; ;  and  in  fact  the  experiments  of  Mr. 
Crookes  upon  radiant  matter  under  the  influence  of  electrical 
currents  would  tend  to  confirm  such  a  supposition. 

Should,  however,  the  investigations  I  have  suggested  justify  the 
belief,  as  seems  probable,  that  large  evolution  of  highly  refrangible 
light  may  take  place  without  high  temperature,  our  cosmical  theo- 
ries may  need  to  be  partially  modified.  And  should  the  chemist 
ascertain  with  accuracy  what  precise  combination  of  molecules  of 
the  ordinary  constituents  of  organic  bodies  will  thus  by  slow 
oxidation  give  such  a  disproportionate  amount  of  light,  we  may 
enter  upon  a  path  which  leads  to  the  accomplishment  of  one  of 
the  great  desires  of  civilization,  the  production  of  light,  without 
undue  expenditure  of  energy  in  the  development  of  heat,  as  a 
waste  product. 

In  regard  to  the  manner  in  which  the  light  is  evolved,  I  have 
but  little  information  to  give,  though  what  I  say  may  serve  to 
correct  some  erroneous  views  which  have  been  elsewhere  ex- 
pressed. 

The  popular  name  of  these  insects,  Ughtening  (or  lightning) 
bugs,  as  distinguished  from  Jire  flies,^^  is  derived  from  the  fact 
that  the  light  is  intermittent.  It  is  never  entirely  extinguished, 
but  is  paroxysmally  weak  and  brilliant.  When  seized,  under  the 
influence  of  fear,  the  intervals  become  irregular,  and  the  flashes 
are  frequent.  When  put  into  alcohol  there  is  at  first  a  fitful  and 
rapid  exhibition  of  light,  but  afterwards  the  light  becomes  mod- 
erate and  permanent  for  some  minutes.  When  the  light  organs 
are  separated  and  crushed,  the  light  also  continues  for  some  time, 
becoming  gradually  weaker. 

I  therefore  infer  that  the  excitement  of  the  light-giving  organs 
to  the  highest  degree  of  activity  is  manifested  by  the  supreme  effort 
of  the  will  of  the  animal,  and  that  the  exhibition  of  light  is  depen- 
dent upon  a  particular  structure,  more  or  less  under  the  control 

i<>  Firo  flics  nre  Elatcriilse  of  the  genus  Pyrophorus  (Spanish  Cuotiyo),  of  which  one 
of  the  smaller  species,  P.  physodenit,  occurs  in  Florida  and  Texas,  and  atiine  with  a 
constant  light,  chiefly  visible  in  two  vehicles  near  the  hind  angles  of  the  proUiomZv 
which  an;  convex,  and  covered  with  a  transparent  chitinous  integument.  All  species 
of  I'prophorus  are  not  phosphorescent. 


BY  JOHN  L.   LECONTE.  657 

of  the  will,  but  containing  a  special  material  capable  of  evolving 
the  light  independent  of  the  will.  In  a  similar  way  to  that  in 
which  the  voluntary  muscles  of  all  animals  evolve  motion,  and  the 
special  electrical  organs  of  certain  fishes  evolve  electrical  currents, 
so  do  these  organs  of  the  Larapyridoe  evolve  light  from  some  pecu- 
liarly constituted  structure  fitted  for  the  purpose. 

It  may  be  conceded,  after  what  has  been  said  above,  that  the  idea 
of  Mr.  Gorham,^^  that  "  the  external  white  vitreous  parts  are  diaph- 
anous, and  permit  the  light  to  shine  through,"  is  perfectly  correct, 
but  that  his  belief  that  ^^  the  source  of  light  within  the  body  of  the 
insect  can  be  presse<i  against  these  windows,  or  retired  from  them 
at  its  pleasure,"  is  quite  without  foundation. 

Several  authors  have  remarked  upon  the  tendency  of  the  winged 
Lampyridffi,  in  countries  where  large  numbers  of  the  same  si)ecies 
are  in  view  at  one  time,  to  exhibit  their  light  at  rhythmic  intervals. 
I  have  never  observe<l  this  in  the  United  States,,  nor  in  those  parts 
of  tropical  America  which  I  have  visited.  I  think  that,  in  this 
respect,  there  must  be  great  differences  in  the  habits  of  the  species. 
In  travelling  by  night  on  railroads  in  the  middle  states,  I  have 
frequently  seen  in  low  and  moist  lands  near  the  road  many  thou- 
sands of  these  insects  (chiefly  Photuris  pensylvanica)^  which 
sparkled  and  twinkled  to  such  an  extent  that  one  might  imagine 
himself  on  the  Glittering  Heath  *^  itself.  But  I  have  never  seen 
any  approach  to  a  rhythmic  effect  in  these  sparklings,  as  described 
in  the  books. 

»  Tran9.  Ent.  Soc.  London,  1880,  p.  66. 

"  But  lo  I  At  the  Iaf>t  n  glimmer,  nnti  n  light  from  the  West  there  came, 
And  another  and  another,  like  points  of  far  off  flame ; 
And  they  grew  and  brightened  and  gathered,  and  whiles  together  they  ran 
Like  the  moon-wake  over  the  waters,  and  whiles  they  were  scant  and  wan. 

— Sigtird  the  Volsung,  Book  ll,  p.  137. 

^s  Pi-oc.  Ent.  Soc.  London,  1880,  p.  11,  Bfr.  BIcLachlan  .  .  **  had  at  that  Ume 
advanced  the  opinion  that  the  phenomenon  in  queNtion  might  be  caused  by  currents  of 
air  inducing  the  insects  to  simultaneously  change  their  direction  of  flight.**  Sir  Sidney 
Saunders:  ** The  simultaneous  character  of  these  corruscatlons  among  vast  swarms 
would  seem  to  depend  upon  an  intuitive  impulse  to  emit  their  light  at  certain  intervals 
OS  a  protective  influence,  which  intervals  became  assimilated  to  each  other  by  imitative 
emulation.'* 

Ibid.  {K  vli:  '*Mr.  McLachlnn,  tn  connection  with  his  Idea  of  the  supposed  con- 
temporaneous flashing  of  all  the  individuals  in  a  swarm  of  Lampyridae,  called  attention 
to  flies  of  the  genus  /^r^yro,  which  when  flying  exhibited  at  times  an  apiiearance  similar 
to  that  of  t^niail  snowflakes,  owing  to  the  silvery  pubescence  with  which  part  of  the 
body  was  clothcil,  but  which  whs  obsei  ved  in  cerUdn  positions,  and  especially  wlien  the 

A.  A.  A.  S.|    VOL.  XXIX.  43 
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The  causes  to  which  this  singular  phenomenon  is  ascribed  are 
either  ph3'sical  or  physiological^^  in  order  that  ray  readers  may 
give  these  views  due  weight,  I  have  cited  them  at  some  length  in 
the  foot-note.  My  own  impression  is  that  Mr.  Belt  and  Sir  Sidney 
Saunders  have  given,  between  them,  the  true  explanation  of  the 
rhythmic  exhibition  of  light,  and  apart  from  the  aesthetic  reali- 
zation in  nature  of  this  plan  of  making  night  glorious  by  the 
wonderful  brilliancy  of  such  insignificant  objects  (upon  which  idea 
this  is  neither  the  time  nor  the  place  to  discourse),  it  is  primarily 
a  defence  of  the  insects  against  danger,  and  is  secondarily  caused 
by  that  tendency  to  act  in  concert  or  imitation  which  operates 
upon  all  sentient  beings.  This  tendency  may  be  equally  observed 
in  a  flock  of  sheep  following  its  leader,  a  school  room  of  hysterical 
girls,  a  political  meeting,  a  spiritistic  stance,  or  a  hyper-senti- 
mental religious  assemblage.  And  I  regard  all  these  occurrences, 
however  differing  in  the  importance  of  their  final  results,  as  indi- 
vidual instances  in  a  large  class  of  similar  phenomena,  caused  by 
aggregated  sympathy. 

I  would  therefore  agree  with  Sir  Sidney  Saunders  and  Mr. 
Meldola  in  quite  rejecting  Mr,  McLachlan's  view  that  it  is  pro- 
duced b}'  a  change  in  position  of  the  insects  caused  by  currents 
of  air,  or  even  voluntary  movements  in  direction  of  flight. 

To  recur  to  the  process  by  which  the  light  is  produced,  I  would 
add  to  what  I  have  said  in  the  beginning  of  this  essay,  that  the 
chemical  processes  possible  in  the  bodies  of  Lanipyrid«e  can  be 
scarcely  if  at  all  different  from  those  which  take  place  in  neighbor- 
Insect  rested,  owing  to  the  pubescence  being  then  concealed;  he  thought  thU  to  some 
extent  was  an  aiuilogous  ca^e  to  that  uf  the  light  of  swarniii  of  Lampyrida;.''  8ir  i^idney 
Saunders  observed :  .  .  .  '*  as  to  l he  contemporaneous  flashes  of  myriads,  such  as 
are  more  frequently  congregated  on  the  calmest  nights,  surrounding  objects,  previously 
involved  in  obscurity,  become  suddenly  illuminated  as  if  by  electricity,  and  as  rapidly 
plunged  into  their  antecedent  gloom  at  alternate  intervals.  He  could  not  c-oncur  in  the 
hypothesis  that  currents  of  nir  liad  any  connection  with  such  displays  or  exhibitions, 
when  nut  a  breath  was  stiiring  around  ;  nor  that  these  nlanife^tations  miglit  l>e  eroked 
by  sexual  influences,  amid  vast  ho»)th  in^tigated  to  combine  therein,  and  act  In  unison. 
He  wouM  rather  attribute  this  phenomenon  to  an  inherent  tendency  to  emit  their  llghl 
ft'om  time  to  time,  requiring  a  certain  amount  of  repose  to  recruit  their  powers;  and 
when  any  tiius  surcharged  felt  intuitively  inspired  to  take  the  initiative,  the  otiiers— 
prompted  to  obey  a  correspon<ling  influence  —  followed  such  suggestion  in  reeponsltv 
sequence."  Ibiil.  p.  viii.  —  "Mr.  Meldola  stated  that  Mr.  Thomas  Belt  (Naturalist  In 
l^icaraKua.  p.  320)  had  expressed  his  belief  that  the  luminosity  of  the  Lampyridic  played 
the  same  part  as  the  bright  colors  ol  many  caterpillars,  i.  e.,  that  it  8erve<i  as  a  danger 
signal,  warning  nocturnal  foes  of  the  inedibility  of  the  species  of  this  family,  which  he 
had  found  to  be  generally  distasteful  to  birds,  etc." 
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ing  and  closely  allied  tribes.  We  may  therefore  infer  from  the 
observations  of  Mr.  Meldola  that  the  ordinary  metamorphoses  of 
tissues,  by  the  aid  of  some  slight  modification  of  composition  and 
cellular  structure,  are  capable  of  evolving  light,  which  belongs  to 
the  upper  end  of  the  spectrum,  such  as  is  generally  significant  of 
the  highest  temperatures. 

It  is  therefore  the  more  extraordinary  to  find  in  these  insects 
light  of  a  high  order  not  dependent  on  elevation  of  temperature, 
and  consequent  waste  of  energy  in  heat.  For  it  must  be  observed, 
that  wiiile  in  one  sense  heat  is  the  cause  of  all  the  phenomena  we 
perceive,  since  they  all  have  existence  only  within  certain  ranges 
of  temperature,  in  another  sense  heat  is  frequently  a  waste  pro- 
duct, and  the  only  one  by  which  the  dissemination  of  energy 
occurs  so  as  to  become  imperceptible. 

I  am  aware  that  the  sketch  I  have  here  given  of  the  present 
condition  of  our  knowledge  of  Lampyridae  has  been  written  to  the 
demonstration  of  my  own  ignorance  (and  that  of  all  other  students) 
in  regard  to  some  of  the  most  important  questions  involved.  But 
if  I  succeed  in  causing  you  to  look  upon  these  remarkable  insects 
with  more  interest  than  you  have  previously  felt,  neither  my  time 
in  preparing,  nor  your  time  in  listening  to  this  essay,  will  have 
been  wasted. 

I  would  especially  invite  the  attention  of  the  younger  observers 
in  entomology,  who  have  to  pass  through  the  labor  of  patient  field 
work  and  close  observation  of  habits,  before  they  can  ascend  with 
profit  to  the  higher  retirement  of  the  museum  and  the  library, 
to  contribute  moi*e  fully  to  our  knowledge  of  the  development  and 
habits  of  the  different  species. 

I  would  equally  ask  the  attention  of  my  colleagues,  who  by  long 
training  in  refined  experimental  research  are  qualified  for  such 
investigations,  to  the  solution  of  the  physical  and  chemical 
problems  suggested  by  the  singular  production  of  high  light 
without  heat  by  tliese  animals,  which  are  within  such  easy  reach. 
And  by  the  solution  of  these  problems  I  am  convinced  that  our 
knowledge  of  molecular  physics  will  be  increased,  and  our  powers 
of  theorizing  less  fettered  by  conventional  ideas. 
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The  Endockakium  akd  Maxillary  Suspeksoriuh  or  tbb  Bex. 
By  George  Macloskie,  of  Princeton,  N.  J. 

The  apodemes  formed  by  an  insect's  crnst  may  be  either  fold- 
ings outwards  (exodemes),  or  involutions  extending  inwards  (en- 
dodemes),  or  modifications  of  the  chitinons  lining  of  the  alimen- 
tary tract  (splachnodemes).  Such  procesn^es  aie  always  by  their 
nature  double  (including  the  outgoing  and  returning  plates),  and 
in  exodemes  (as  the  wing  of  a  bee  or  the  plenra  of  a  lobster), 
this  double  nature  is  maintained  by  interposed  nutritive  matter 
(like  the  meat  in  a  sandwich).  In  the  internal  foldings,  however, 
as  in  the  endoskeleton  of  insects,  there  is  usually  a  complete 
fusion  of  the  compound  parts. 

The  endocranium,  or  endoskeleton  of  the  head,  consists  of 
ridges,  pilldrs,  and  plates,  variously  dif^posed  in  different  orders 
of  insects,  yet  adhering  to  a  plan.  Its  central  part  when  appear- 
ing as  a  plate  is  usually  termed  tentorivm^  fvom  a  fancied  resem- 
blance to  the  structure  so  named  in  mammals.  The  necessity  of 
describing  and  comparing  together  these  parts  in  the  different 
groups  of  insects  will  be  appaient,  if  we  reflect  that  all  attempts 
to  evolve  the  embryology  of  an  insect's  head  presuppose  a  knowl- 
edge of  the  adult  structure,  inside  as  well  as  external. 

The  upper  part  of  a  bee's  cranium  consists  of 
three  pieces,  epicranium  (ec),  clypens  (c),  and 
labrum  (lr).  (See  fig.  1).  The  epicranium,  or 
crown,  extends  from  the  occipital  foramen,  up  the 
back  of  the  head  and  over  the  vertex,  to  a  trans- 
verse suture  in  front  of  the  antennae.  It  covers  the 
whole  roof  and  back  of  the  head,  and  is  medially 
separated  in  many  insects  (especially  larvse)  into  right  and 
left  divisions.  It  is  flanked  on  the  sides  by  the  large  compound 
eyes  (oc) ;  it  bears  at  its  vertex  the  three  small  eyelets ;  near 
its  front  margin  it  gives  insertion  to  the  antennse  (at)  ;  and  it 
is  continued  forward  on  the  sides  of  the  head  by  the  gense  (g). 
The  epicranium  has  no  apodemes.  It  may  have  a  few^  ridges  od 
parts  sulvject  to  strains,  and  it  has  a  rim  around  the  large  eyes, 
and  thickenings  for  the  insertion  of  the  antennae ;  but  there  are  no 
such  ridges  as  to  suggest  segmentation  in  this  region.  This 
agrees  with  Balfour's  conclusion  (Cowparative  Embryolcgy^  chap. 
xvii)  that  the  procephalic  region  does  not  correspond  with  tbe  pos- 
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terior  parts,  and  that  "the  antennas  can  hardly  be  considered  to 
have  tbe  same  morphological  value  as  the  succeeding  appendages.** 
The  clypeus  or  *'  face"  affords  insertion  at  its  lateral  borders  to 
the  mandibular  condyles,  whose  cup  belongs  rather  to  it  than  (as 
usually  stated)  to  the  genae.  It  is  strengthened  by  ridges  so  as  to 
bear  tlie  strain  of  these  appendages.^  The  hind  border  of  the 
cly|>eus  bends  down  into  a  strong  transverse  ridge  wliose  extrem- 
ities at  both  sides  give  iuscrtion  to  the  tips  of  two  stout  endocra- 
nial  pillars  (mc  in  fig.  2).  These  pillars  (which  we  shall  term  tbe 
mesoeepIuUic  pillars)  descend  obliquely  downward  through  the 
cranial  cavitj*,  and  have  their  lower  insertion  in  the  floor  of  tbe 
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sknll,  just  in  front  of  the  occipital  foramen.  They  arc  shown  (icc) 
in  figures  2  and  3,  and  also  in  the  ant  in  figure  4. 

These  pillars  arise  by  strong  roots  from  the  most  ngid  part  of  the 
cranial  floor,  and  give  support  above  to  the  clypeus  which  has  to 
bear  the  mandibles.  They  also  afford  attachment  to  muscles  and 
serve  to  limit  the  delicate  organs  of  tlie  head.  Hence  a  bee's 
bead  is  Strang  tlKxigli  its  shell  is  rather  tliin.  Near  the  top  each 
pillar  divides  into  two  branches,  go  as  to  widen  the  surface  of  in- 
sertion. In  the  ant*s  neck  I  observed  stout  tendons  so  placed  as 
to  antagonize  their  downward  tlimst.^ 

1  Beetles  usually  have  the  mandibiilAr  cup  in  aprooese  descendintron  each  eide  fi*on 
Che  clypeus:  but  in  Cotalpa  tlie  elypeud  is  turned  under  and  has  the  cups  on  its  angles. 

*  Burmcister  speaks  of  *'  a  broad  ridge  from  the  lower  margin  of  the  occipital  aper^ 
ture,  whicli  is  prolonged  towaixls  tbe  frons  In  two  points."  He  seems  to  have  broken 
off  the  pillars  and  to  have  observed  only  their  inferior  fragments.  By  the  kindness  of 
Dr.  Hagen  my  aitenilon  kaa  been  cailed  to  Br.  O.  J.  B.  Wolff's  elaborate  esaay  and 
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These  large  pillars  ascend  in  front  of  the  cerebral  brain-lobes, 
in  the  fossae  between  the  cerebral  mass  and  the  ophthalmic  lobes. 
They  thus  pass  between  the  ophthalmic  and  the  antennal  nen'es ; 
and  Dr.  Wolff  has  shown  that  near  their  base  they  give  insertion 
to  muscles  which  supply  the  antennie.  The  eyes,  being  very  large 
in  this  group  of  insects,  pass  forward  so  as  to  outflank  tbe  inser- 
tion of  the  antennce  and  these  pillars. 

Burmeister  assigns  no  endocranium  to  Diptera,  Hemiptera,  and 
Lepidoptera.  He  states  that  in  the  first  two  of  these  orders 
'Hhe  head  is  a  mere  horny  bladder  without  any  internal  pro- 
cesses" {Manual  of  Entomology^  Shuckard's  Transl.,  p.  232). 
This  may  be  true  as  to  Muscidje ;  but  I  have  elsewhere  tried  to 
show  that  the  basal  segment  of  the  proboscis  of  Muscidas  repre- 
sents the  endocranium,  then  become  an  evertible  pedestal  for  the 
proper  mouthparts,^  There  is  also  in  them  a  small  arch  thrown 
across  the  foramen  magnum,  corresponding  to  the  jugym  of  the 
bee  (as  named  by  Wolff).  In  other  Diptera,  as  the  Gadfly  and 
Mosquito,  I  find  a  pair  of  mesocephalic  pillars,  much  as  in  the 
bee  (in  addition  to  a  strong  pharynx-case  or  splachnoderoe,  sap- 
porting  the  complex  oral  armature).  As  to  Hemiptera,  Burmcis- 
ter's  statement  is  onl}'  partially  correct.  The  Squash  bug  (Co- 
reus)  has  a  pair  of  processes  depending  from  the  clypeus  in  the 
style  of  the  upper  part  of  the  mesocephalic  pillars,  and  Cicada  has 
tbe  pillars  flattened  out  and  attached  to  the  sides  of  the  hea<l  (the 
small  e^'es  here  not  encroaching  on  their  province),  thus  explain- 
ing the  nature  of  the  mesocephalic  pillars  as  endodemes  or  invo- 
lations  of  the  side  wall  of  the  cranium. 

Lepidoptera  likewise  have  a  representative  of  these  stmctnres, 
in  a  strong  sub-quadrate  frame  arising  in  front  of  the  occipital 
foramen,  and  reaching  forwards  to  near  the  roots  of  the  proboscis^ 
The  Dragon  fly  has  a  ridge  before  the  occipital  foramen,  sending 
up  processes  to  the  clypeal  region,  but  these  processes  are  broad- 
ened out  and  very  thin,  as  in  the  weak  and  smaller  clypeus. 

The  maxillae  and  labium  of  iitsects  are  so  closely  connected  in 

drawings  of  thebee'8  bend  in  JVova  acta  Leop.  carol.,  xxxviii,  1.  While  In  manj  points  he 
has  anticipated  and  advanced  beyond  what  I  have  attempted,  be  baa  I  think  failed  In 
some  part  to  catch  the  meaning  of  what  he  describes.  This  seems  due  to  a  double 
defect,  of  falling  to  fbllow  tip  the  variations  of  parts  in  other  gronps  of  Insects,  and  of 
•apposing  that  he  onght  to  reproduce  the  bones  of  the  veitehrate  skull  in  that  of  tbe 
insect.  This  last  fault  is  fatal  to  the  reception  of  his  terminology,  as  wbei'e  he  terms 
tbe  mesocephalic  pillars  "  alisphenoids.*' 
'American  Naturalist, March,  1879. 
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iheir  mode  of  attachment  that  we  must  consider  them  together. 
In  the  bee  they  are  sliing  upon  a  long  retractile  framework  with 
elbows  and  hinges.  I  shall  call  this  framework  the  "ipftxillary 
suspensorinm  ; "  all  the  published  drawings  of  it  that  I  have  seen 
are  grossly  inaccurate,  save  that  of  Dr. Wolff,  and  even  he  seems  to 
have  missed  some  of  the  most  interesting  points.  The  basal  part, 
or  basicruninl  rods  (bh  in  fig.  5),  are  inserted  close  to  the  roots  of 
tlie  mesocephnlic  pillars,  in  front  of  the  occipital  foramen.  The 
rods  run  forwards  towards  the  oral  opening,  the  basicranial  wall 
being  excavated  so  as  to  allow  them  full  play.  They  slightly  as- 
cend when  the  mouthparts  ai-e  retracted  (br  in 
fig.  2),  and  are  nearly  horizontal  when  the 
proboscis  is  extended.  They  are  nnited  to  the 
rim  of  the  excavated  pait  of  the  basis  cranii 
by  a  web  (just  as  the  mesocephalic  pillars  of 
Cicada  are  joineil  to  the  sidewall).  They  are 
rigidly  inserted  at  their  roots,  and  are  slightly 
elastic  above,  while  their  motion  is  limited  by 
the  web.*  (The  two  basicranial  rods  are  bound 
to  each  other  by  a  still  more  delicate  web  which 
forms  the  limiting  wall  of  the  head  at  the  ex- 
cavated part,  and  3-ct  permits  the  play  of  the 
euspenxoi'ial  mechanism.) 

The  basicranial  rods  are  forked  at  their  distal 
extremities,  where  they  bear  a  pair  of  maxillaiy 
rami  (mr  in  fig.  5).  These  are  hinged  to  tbera 
by  a  very  efficient  elbow-joint,  enabling  the 
rami  to  fold  downwards,  and  so  to  protnide  or 
retract  the  maxillte  which  the  rami  support. 
It  seems  to  me  that  these  rami  correspond  to  the  caido  pieces 
of  the  maxiilie  of  other  insects  (as  ca.  in  fig.  6).  The  name 
*'canJo"  has  been  given  (by  Kirby)  to  what  I  term  the  labial 
rami  (bl,  fig.  5),  which  do  not  support  the  maxillte  and  ar« 
scarcely  represented  in  the  ant  (tig.  4),  It  is  safer  to  designate 
all  these  structures  by  terms  which  do  not  involve  a  theory. 

The  modus  operandi  of  the  maxillee  on  their  rami  is  note- 
worthy. Bach  maxilla  has  a  flat  stipe  surmounted  by  a  lacinia 
resembling  a  kntfeblade,  and  bearing  (in  the  honey  l)ee  a  rudi- 
menlary)  palp  at  the  waist.     The  blade  can  bend  downwards  and 

'  An  engineering  friend  on  seeing  thia  remtrked,  Ibnt  it  EDTOlred  the  principle  ota 
maebiae  luely  pitented  for  pniducinf  s  limited  and  (teadf  momuent. 
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backwards  on  the  stipe  (see  fig.  2)  so  as  to  be  oat  of  the  waj  and 
to  let  the  Btii>e  project  as  a  flat  plate.  When  the.  Buspenaorium  it 
retracted  the  two  maxillffi  are  thus  bent  down,  and  their  platelilce 
stipes  are  approximated,  furnishing  a  hard  underlip  for  the  month, 
upon  which  the  mandibles  play  in  their  operations  (as  in  cutting 
a  piece  of  cork,  or  wlien  the  carpenter-bee  operates  on  wood). 
The  delicate  limiting  membrane  which  extends  from  the  maxillary 
rami  to  the  maxillae  is  stretched  when  the  suspensorium  is  pro- 
truded and  thus  serves  to  divaricate  and  fix  the  maxille. 

The  labial  rami  join  the  distal  end  of  the  maxillary  rami  with 
the  labium,  thus  giving  an  additional  joint,  and  a  hinge  which  can 
move  freely  backward  and  forward,  the  result  of  which  is  great 
play  to  the  parts  of  the  labium.  The  labium  consists  of  a  basal 
piece,  usually  termed  submentum,  and  of  a  middle  piece,  usually 
called  n>entuin.  It  is  safer  to  i*efer  to  these  pai*ts  respectively  as 
the  basilabium  and  medilabium.  The  distilabium  may  indicate 
collectively  the  parts  known  as  parflglossae^  labial  palps,  and 
ligule  (pG,  LP,  and  lo  of  figs.  4  and  5). 

Many  of  the  allies  of  the  bee  have  these  parts  so  simplified  as 
to  afford  instructive  hints  as  to  their  natnre  and  relations.  In 
Stizus  grandis  (with  proboscis  scarcely  retractile)  the  basicranial 
rods  are  merely  high  ledges  upon  the  margins  of  the  excavated 
basieranium,  and  serving  for  insertion  of  the  maxill».  The  ant 
(fig.  4)  has  only  one  basi-cranial  rod,  as  if  the  two  sides  of  the 
excavation  had  approximated  and  coalesced  into  a  regular  endo- 
deme.  Here  the  maxillary  rami  are  nearl3'  as  in  the  bee,  but  the 
labial  rami  are  almost  obsolete,  and  the  distalabial  parts  are 
much  condensed. 

The  series  of  gradations  thus  presented  gives  promise  of  further 
discovery,  and  in  attempting  to  correlate  the  parts  of  insects  of 
ditfereut  types  I  have  fallen  on  some  interasting  revelations.  It  is 
at  this  part  that  Huxley's  otherwise  excellent  description  of  the 
cockroach  {Anatomy  of  the  InvertebttUed  AnimaU^  chap,  vii,)  is 
specially  defective.  He  states  that  its  endociiinium  ^^  extends  as 
a  cruciform  partition  from  the  inner  face  of  tlie  lateral  walls  of 
the  cranium  to  the  sides  of  the  occipital  foramen,"  and  ailds  that 
the  centre  of  the  cross  is  pierced  by  a  rounded  aperture  tbroagh 
which  the  circum(esophageal  nerve-collars  pass.  Fig.  6  will 
show  how  widely  it  ditfers  from  a  cruciform  pattern :  and  a  com- 
parison of  this  with  figs.  3  and  4  will  enable  us  to  interpret  Itr 
•tructme.    Its  lateral  margins  answer  to  the  endooranial  pillanc 
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ihe  bee.  Its  anterior  margin  is  the  transverse  ligament  which 
usually  binds  together  the  roots  of  tlie  mandibles,  and  prevents 
their  divarication.  These  parts  ai-e  webbed  bo  aa  to  form  aflat 
(or  broadly  grooved  {ilate)  excepting  at  the  centre  where  a  passage 
is  required  for  tlie  nerves.  In  the  Locust  the  lateral  pillars  a[>- 
prox(tnat«  more  closely  so  as  to  resemble  the  letter  x,  and  so  as 
to  confirm  the  interpretation  here  offered.  In  describing  the  max- 
illary adjustments,  Mr.  Huxley  seems  to  be  still  more  unsuc- 
cessful. He  states  tliat  the  maxillary  cardo  is  connected  with  "  a 
thiu  band  which  runs  round  the  postenor  margin  of  the  epicra- 
nium  and  is  firmly  united  with  it  only  on  its  dorsal  side."  Thus 
he  regai-ds  tlie  maxillfe  aa  inserted 
on  the  back  of  the  skull  through 
a  band  which  be  is  consequently 
compelled  to  regard  as  a  part  of 
the  cranial  wall. 

This  view,  if  sustained,  would 
clash  with  the  mode  of  suspension 
observed  in  the  bee,  whei-e  the 
maxillffi  have  endocrnnlal  connec- 
tions with  the  basi -occipital  or 
ventral  region  of  the  skull.  A 
careful  examination  of  the  cock-  u,  ^ 

roacb  has  convinced  tia  that  here 

also  the  cardines  of  the  maxillfe  rest  on  a  ridge  which  crosses  the 
basis-cranii  in  front  of  the  occipital  foramen,  and  that  it  is  only  a 
slender  ridge,  not  intimately  connected  with  tlie  maxillse,  which 
passes  round  like  a  rim  behind  this  foramen.  TIte  transverse  ridge 
wliich  supports  the  maxillfe  of  the  cockroach  thus  turns  out  to  be 
only  a  simplified  vaiiation  of  the  bee's  suspensorium. 

The  basi-cranial  region  of  coleoptei'a  seems  unwilling  to  be 
brought  into  line  with  the  same  part  in  other  insect  tribes:  and 
Gegenbnur  is  certainly  wrong  in  citing  them  as  an  instance  of 
insects  with  large  endocranium.  The  occipital  foramen  of  beetles 
is  arched  over  by  a  small  but  beautiful  framework,  which  may 
correspond  to  WolfTsJugum  at  the  root  of  the  bee's  mesocephalic 
pillars.  In  the  beetles  there  are  no  pillara  however^  at  least  in 
the  normal  situation  ;  but  if  we  examine  the  clypcus  we  shall 
find  the  upper  ends  of  such  pillars,  with  ridges  descending  near 
the  outer  walls  to  the  anterior  basicranial  region  (to  the  sub- 
mentum) ;  and  near  tbeir  lower  end  the  maxillaty  csrdinoa  an 
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inserted.  This  may  indicate  that  the  beetle  has  the  usual  parts, 
but  resolved  so  as  to  give  the  long  mentum,  submentnnif  and 
gula,  while  other  insects  have  all  these  parts  condensed  into 
the  complex  system  of  cross  ridges  in  advance  of  the  occipital 
foramen. 

Only  a  few  words  can  be  said  as  to  the  cranial  splacbnodemes, 
or  that  part  of  the  endocranium  which  consists  of  hardenings 
of  the  pharynx.  The  mouth  is  floored  by  a  stitf,  tongue-like 
plate  (Jiypopharynx  or  lingua^  to  be  distinguished  from  the  long 
ligule  or  tip  of  the  labial  proboscis).  This  hj-popharynx  has  a 
large  number  of  small  perforations  which  Wolff  has  shown  to 
be  olfactory :  it  receives  two  large  ducts  from  the  cephalic  sali- 
vary glands.^  From  the  posterior  end  of  the  hypopharynx  run 
back  two  long  rods,  barbed  on  one  side  at  their  extremities. 
Over  the  mouth  is  a  similar  but  simpler  epipharynx.  To  these 
chitinous  pieces  the  border  of  the  pharynx  is  attached,  and  they 
are  supplied  with  muscles.  If  we  open  the  bee's  mouth,  we 
shall  find  the  funnel-shaped  opening  kept  expanded  by  the 
epiphar3'nx  above,  the  hypopharynx  below,  and  its  long  pi*ocesse8 
(faucial  processes  we  may  say)  at  the  sides.  All  these  hard 
structures  keep  open  the  soft  membrane  of  the  pharynx,  just 
as  a  naturalist's  dredge  is  kept  gaping  by  its  iix>u  armature. 
The  piercing  insects  have  the  cranial  splachnodemes  developed 
into  a  strong  pharynx-case  which  emits  and  supports  the  pierc- 
ing setae. 

EXPLANATIOX  OF  CUTS. 


no.  1.— Internal  view  of  frontal  region  of  bee.   C,  clypens:  EC,  epicnininni :  o,  geaft: 

LR,  labrum :  M  D,  mandible :  oc,  compound  eye :  at,  insertion  of  antenna. 
FlOS.  2.  and  3.— Lateral  and  posterior  (diagrammatic)  views  of  head  of  bee.     MC, 

mesocephallc  pillars:  bb,  bask;ranlal  i*ods:  MR,  niaxillnrj  ramns :  bl, 

bai^ilabium :   M  D,  mandible :  M x,  maxilla  (its  blade  folded) :  a  t,  antenna: 

FO,  occipital  foramen. 
Fio.  4.— MS,  snspeneorinm  of  ant:  MR,  its  maxillary  rami:  MX,  roaxill»:  BL,  baslla- 

bium:  ML,  medilubium:  fg»  parngloshse:  lo,  lignle:  LP,  labial  palp:  FO, 

occipital  foramen :  mc,  mesocephalic  pillars. 
Fio.  5. — Bee's  suspeni^orhim  and  its  connections,    dr.  Its  baslcranlal  rods,  arisfng 

from  front  of  (FO)  occipital  foramen:  MR,  its  maxillary  rami,  supporting 

(MX)  maxillie :  (B l)  basi  labium :  M  L.  etc.,  as  in  fig  4,  magnified  80  diama* 

ters.    Below  B  L  its  labial  rods  ar»  seen. 
Fio.  6.— Endocranium,  etc.,  of  cockroach  (Blatta).  EC,  endocraniam:  c  A,  oardo:  MXg 

etc.,  as  in  fig.  A. 

*The  thoracic  salivary  glands  send  their  long  duct  to  the  medilabium  and  theace  to 
theligitle.  Carl  v.  Siebold  has  discovered  three  distinct  salivary  systems  in  the  baa^ 
two  cephalic  and  one  thoracic.    {Zoologiat^  18!3»  p.  SltfS. ) 
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SUB-ELYTRAL  AlR-PASSAGRS  IN  COLEOPTERA.      By  CaRL  F.  GiSSLER, 

of  Brooklyn,  N.  Y. 

The  rapidly  progressing  coloration  of  the  entire  integument  at 
the  time  of  transition  from  the  chrysalis  into  the  imago-state,  the 
closing  chapter  in  ontogenesis,  is  partly  due  to  the  photographic 
influence  of  light,  partly  to  an  oxidation  by  the  atmosphere,  pro- 
duced by  increased  activity  of  breathing  often  observed  in  the 
first  few  minutes  of  existence  as  imago.  By  the  fuller  breathing 
and  repeated  extending  of  the  wings  and  elytra  (by  lifting  the 
latter,  if  connate),  a  heightened  gas-exchange  is  made  possible  in 
the  still  semi-chitinized  integument. 

Another  thing  for  us  to  consider  in  the  elytron,  now  receiving 
the  finishing  touch,  is  its  pattern  and  sculpture  inherited  from  an- 
cestors and  often  varied  through  climatological  influences  as  well 
as  through  the  law  of  adaptation  and  the  phenomenon  of  mimicry. 
In  many  elytra  we  find  flne  pores  on  the  upper  side  and  in  others 
longitudinal  canals.  I  do  not  take  the  longitudinal  canals  of  the 
uppermost  layer,  the  cuticula,  for  tubes  with  walls  proper,  but 
regard  them  merely  as  lacunary  clefts,  the  spaces  through  which 
air  found  access  in  the  first  few  moments  of  existence  as  chrysalis 
solidifying  and  gluing  together  the  elementary  cells  of  the 
elytron. 

In  Opatrinus  and  Boletotherus  we  find  a  small  elongate  "plate" 
produced  by  a  fold  of  the  matrix ;  it  is  more  (Opatrinus)  or  less 
(Boletotherus)  concave  and  occurs  on  the  inner  side  of  the  epi- 
pleurie,  about  in  the  middle  where  its  thinnest  margin  is  inflexed. 
This  inflection  is  an  arrangement  for  pleural  breathing.  The  fold 
occurs  especially  in  those  species  of  Coleoptera  where  the  epi- 
pleurse  are  wanting,  Buprestidse,  Curculionidce,  etc.,  and  is  called 
by  Dr.  Leconte  ''  inflexed  epipleural  fold."  He  says  its  object  is 
to  enable  the  insect  to  fix  the  elytra  and  body  firmly  together. 

In  many,  if  not  in  all  winged  Coleoptera,  we  also  find  a  small, 
more  or  less  circular  smooth  niche,  usually  near  the  inner  humeral 
bend  of  the  elytron,  undoubtedly  intended  for  fitting  into  the  wing 
and  holding  it  in  position.  The  inner  fold  may  be  called  "  plica 
trachealis,"  the  niche  (excavation)  "  fossa." 

The  plica,  often  running  parallel  with  the  external  epipleura, 
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plays  undoubtedl}'^  a  r61e  in  the  breathing  of  Colooptcra.  In 
many  cases  the  supply  of  air  is  brought  about  through  a  fissure, 
*^  fissura  trachealis,"  \isually  found  at  the  middle  of  the  epipleura 
or  through  a  groove  beginning  at  the  elytral  tip  and  opening  into 
the  sub-elytral  space  near  tlie  middle. 

In  Coleoptera  with  connate  el3^tra, —  Eleodes,  Embapbion,  Cur- 
culionidflB, —  air  finds  access  by  an  occasional  flapping  of  the  last 
few  flexible  abdominal  segments  at  the  time  of  depositing  excre- 
ments, as  often  observed  by  me  in  Tenebrionidffi,  Coccinellidae, 
etc. 

The  following  genera  have  been  examined  by  me  :  Opatrinus, 
Boletotherus,  Dyscinetus,  Euryomia,  AUorhina,  Cucujus,  Megalo- 
dacne,  Melanotus,  Alans,  Coccinella,  Ilylobius,  Eros,  Brachinus, 
Calosoma,  Galerita,  Carabus,  Lebia,  Byirh'us,  Eleodes,  and  Am- 
phidora. 

Aberrations  have  been  noticed  to  occur  in  Cucujus  clavtpes. 
Here  the  fissure  is  wanting.  Air  finds  access  through  a  deep,  lon- 
gitudinal median  groove,  along  the  dorsal  segments  of  the  abdo- 
men, extending  to  the  pygidium. 

Megalodaene  heros:  Pleural  fissure  faintly  indicated,  but  with  i, 
thickened  light  brown  ridge  at  the  njargin  of  tlie  broad,  black 
median  band.  Elytra  exteriorly  smooth  and  round,  lower  lamellfife 
with  longitudinal  grooves  and  flat  interspaces.  Tills  arrangement 
represents  a  system  of  canals  extending  over  the  folded  wings, 
allowing  an  access  of  air  ft'om  tip  of  the  elytra. 

Eros  fraternus:  Entire  integument  soft,  abdominal  segments 
lobe-like,  prominent  at  the  pleurae ;  thereby,  as  well  as  through 
the  anastomosing  elytral  facetations,  a  receptacle  for  air  is  formed 
in  this  flat  bark-beetle. 

In  Brachinus  and  Galerita  the  elytra  but  loosely  cover  the  ab- 
domen, therefore  requiring  less  developed  characters  in  the  elytra. 
In  Carabus  the  bod}'  is  wingless,  showing  therefore  a  capacious 
air-receptacle.     Elytral  characters  wanting. 

In  Lebia  grandis^  a  bark-beetle,  the  epipleura  is  suddenh'  nar- 
rowed at  the  place  where  usually  the  fissure  is  found,  the  lattelr 
being  entirely  wanting.  About  fifteen  large  pores  are  found,  per- 
forating the  elytron  and  running  "  seriatim  "  from  near  the  hume- 
rus to  near  the  external  emargination  of  elytral  tip. 

In  Byrrhus  a  duplieature  or    bead  runs  off  from  the  smooth 
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plica  to  the  posterior  end  forming  there  a  conspicuous  fissnre. 
The  connate  elytra  fit  nearly  hermetically  to  the  body,  overlap- 
ping the  abdominal  segments.  Here  air  will  find  access  by  the 
occasional  flapping  of  the  last  three  or  four  segments  of  the 
alxlomen,  which  is  also  the  case  in  Coccinella. 

FIG.  I. 


ELYTRON  or  BrRBtfUs:  a,  eplplenrn;  b,  anterior  fossa;  c,  posterior)  caucarey 

indexed  portion,  or  pUcA. 


Two    NEW   USES    OF    IMPORTANT    INSECTICIDES.      By  A.    J.     CoOK, 

of  Lansing,  Mich. 

As  is  well  known,  there  is  scarcely  a  worse  pest  to  the  pornolo- 
gist  than  the  codling  moth,  Carpocapaa  Pomonella^  Linn.  Many 
thousand  dollars'  worth  of  our  fruit  is  consumed  annually  to  feed 
this  destroyer.  The  mischief  done  is  augmenteii  from  the  fact 
that  the  best  preventive  hitherto  known  lias  not  been  effective  until 
the  .insect  destroyed  had  wrouglit  its  evil  work.  We  have  knowa 
no  way  to  destroy  the  moths,  but  could  only  capture  and  destroy 
the  larvae  after  the  apples  were  eaten.  Last  winter  I  learned, 
from  Mr.  J.  S.  Woodward,  of  Lockport,  New  York,  that  trees 
thoroughly  treated  with  Paris  green,  about  the  20th  of  May,  bore 
fruit  which  was  wholly  exempt  from  the  ravages  of  the  *' apple 
worm."  Acting  upon  this  suggestion,  I  spmyed  some  apple  trees 
tlie  25th  of  May  and  again  the  20th  of  June ;  but  I  used  London 
puiple,  arsenite  of  lime,  which  is  nearly  as  insoluble  in  water 
as  Paris  green.  I  used  one  pound  of  the  poison  to  one  hundred 
gallons  of  water.  The  trees  were  loaded  with  fruit ;  and  their 
fruit  has  l>eeu  seriously  injured  by  coilling  moth  larvee  whenever 
they  have  borne  fruit  during  previous  years.  Careful  examination 
ma<le  August  20ih  of  this  year  disclosed  no  injured  apple.  A  few 
apples  showed  signs  of  the  previous  work  of  the  larvte ;  but  as  no 
burrow  extended  for  more  than  one-fourth  of  an  Inch,  no  harm 
was  done.     Other  apple  trees  a  few  rods  distant,  to  which  the 
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poisoned  liqnid  was  not  applied,  are  bearing  fruit  one- fourth  to 
one-half  of  which  is  wormy.    From  tlie  sliglit  amount  of  tlie  poison 
applied  to  each  tree,  not  more  than  one-third  of  an  ounce,  the  cost 
of  the  i*emedy  is  light.     Neither  do  I  apprehend  danger  from  its 
use  at  so  early  a  date.     To  one  portion  of  one  tree  I  applied  the 
poison  in  a  greater  quantity  than  was  necessary,  so  that  some  of  the 
foliage  was  liilled.     On  the  19tii  of  August,  I  cut  from  the  trees, 
which  had  received  the  concentrated  mixture,  one  hundred  of  the 
blossom  ends,  the  part  where  the  poison  would  be  most  readily 
held,  and  submitted  them  to  Professor  Kedzie  for  chemical  analy- 
sis.    No   trace   of  the   poison    was   found.     The   fact   that  this 
poison  is  now  extensively  used  in  the  West  to  destroy'  the  canker 
worm,  and  with  no  sign  of  evil,  sustains  the  argument  in  favor 
of  its  harmless  nature  so  far  as  the  fruit  is  concerned.     The  dan- 
ger of  poisoning  the  soil  is  a  matter  for  the  chemist  to  decide. 
If  future  experience  sustain  the  conclusions  as  to  the  efficiency 
of  this  remedy,  in  case  of  the  ** apple  worm,"  it  will  be  an  impor- 
tant discovery. 

Up  to  the  present  time  there  has  been  no  satisfactory'  method 
of  fighting  such  pests  as  the  cabbage  maggot,  and*  otiier  insects 
of  the  same  genus,  and  the  squash  borer.     The  late  Dr.  Wnlsli 
i*ecommcnded  hot  water ;  this  has  proved  but  partially  successful. 
From  the  value  of  bisulphide  of  carbon  as  a  destroyer  of  museum 
pests,  and  from  its  efficacy  in  destroying  the  phylloxera  of  Europe, 
J  was  led  to  try  its  power  in  overcoming  our  subterranean  insect 
pests.     Both   my  pupils  and  myself  tried   experiments  with  the 
happiest  results.     A  small  hole  was  made  in  the  earth  near  tbe 
main   root  of  the  plant,  by  use  of  a  walking  stick,  and  about 
fifteen  cubic  centimetres  of  the  liquid  were  poured  in,  and  the  bole 
quickly  filled  with  earth,  which  was  pressed  down  with  the  foot. 
In  ever}'  case  the  insects  were  killed  without  injury  to  the  plants. 
I  believe  this  liquid  promises  satisfactory  results  in  fighting  the 
above  mentioneil  insects,  the  peach  borer,  and  other  insects  whic^ 
attack  the  roots  of  our  cultivated  plants.     We  must  remember,  of 
course,  that  this  liquid  is  very  volatile  and  the  vapor  exceedingly 
explosive. 
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CHAIRMAN  OF  SUBSECTION  OF  ANTHROPOLOGY. 


Wyandotte  Govbrnment.    A  short  study  of  Tribal  Society. 

In  the  social  organization  of  the  Wyandottes  four  groups  are 
recognized — the  family,  the  gens,  the  phratry,  and  the  tribe. 

THE   FAMILY. 

The  family  as  the  term  is  here  used  is  nearly  synonymous  with 
household.  It  is  composed  of  the  persons  who  occupy  one  lodge 
or,  in  their  permanent  wigwams,  one  section  of  a  communal 
dwelling.  These  permanent  dwellings  are  constructed,  in  an  ob* 
long  form,  of  poles  interwoven  with  bark.  The  fire  is  placed  in 
line  along  the  center  and  is  usually  built  for  two  families,  one 
occupying  the  place  on  each  side  of  the  fire. 

The  head  of  the  family  is  a  woman. 

gens. 

The  gens  is  an  organized  body  of  consanguineal  kindred  in  the 
female  line.  *'The  woman  carries  the  gens,"  is  the  formulated 
statement  by  which  a  Wyandotte  expresses  the  idea  that  descent 
is  in  the  female  line.  Each  gens  has  the  name  of  some  animal — 
the  ancient  of  such  animal  being  its  tutelar  god.  Up  to  the  time 
when  the  tribe  left  Ohio,  eleven  gentes  were  recognized,  as  fol- 
lows :  — 

Deer,  Bear,  Highland  turtle  (striped).  Highland  turtle  (black), 
Mud  turtle.  Smooth  large  turtle.  Hawk,  Beaver,  Wolf,  Sea  Snake, 
and  Porcupine. 
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In  speaking  of  an  individual  he  is  said  to  be  a  Wolf,  a  Bear,  on 
Deer  as  the  case  may  be,  meaning  thereby  that  he  belongs  to  thtt 
gens ;  but  in  speaking  of  the  body  of  people  comprising  a  gens 
they  are  said  to  be  relatives  of  the  Wolf,  the  Bear,  or  the  Deer, 
as  the  case  may  be. 

There  is  a  body  of  names  belonging  to  each  gens  so  that  each 
person's  name  indicates  the  gens  to  which  he  belongs.  These 
names  are  derived  from  the  characteristics,  habits,  attitudes,  or 
mythologic  stories  connected  with  the  tutelar  god. 

The  following  schedule  presents  the  name  of  a  man  and  woman 
in  each  gens  as  illustrating  this  statement. 


Man  of  deer  gens 
Woman  of  deer  gens 
Man  of  bear  ** 

Woman  of  bear    •* 


Indian. 

De-wa-tl-re 
A-ya-jin-ta 
A-tu-e-t^s 
Tsa-man'-da-ka-e' 


Man  of  striped  turtle  gens       —  Ta-ha'-son-ta-ra-ta 


Woman  of  ** 


i(  i( 


(( 


Man  of  mud  turtle  gens 
Woman  of  mud  turtle  gens 

Man  of  smooth  large  turtle  gens- 
Woman  of"        «•        •* 
Man  of  Wolf  gens 

Woman  of  Wolf  gens 
Man  of  Snake  gens 

Woman  of  Snake  gens 

Man  of  Porcupine    ** 


Woman  of    ** 


<( 


—  Tso-we-yiiS-kyn 

—  Sha-yan-tsu-wat' 

—  Yao-dash-shu-ras 

Hun*-du-cu-ta 

—  Tsu-ca-fin' 

—  Ha-ro'-un-yA 

about 

—  Yan-dl-no 

—  Hu-ta-hu'-sa 

—  Dl-je-rons 

—  Han-du'-tun 

—  Ke'-ya-runs-kwa 


English. 

=  Lean  deer. 
=  Spotted  fawn. 
*  «ss  Long  claws, 
a  Oronting  for  her 

young. 
-8e=  Going      around 

the  lake. 
e=  Gone   from   the 

water. 
t»  Hard  skull. 
B=  Finding    sand 

beach. 
B  Throwing  sand. 
«  Slow  walker. 
b:  One  who  goes 
in  the  dark  a  prowler. 
=  Always  hungry. 
*=  Sitting  in  curled 

position, 
cs  One  who  ripples 

the  water. 
KB  The    one     who 

puts  np  qnills. 
B=  Good  sighted. 


THE   PHRATRY. 


There  are  four  phratries  in  the  tribe — the  three  gentes,  bear, 
deer,  and  striped  turtle  constituting  the  first ;  the  highland  turtle, 
black  turtle,  and  smooth  large  turtle  the  second  ;  the  hawk,  beaver 
and  wolf,  the  third ;  and  the  sea  snake  and  porcupine  the  fourth. 
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This  unit  in  their  organizations  has  a  mythqlogic  basis  and  is 
chiefly  used  for  religious  purposes,  in  the  preparation  of  medicinesi 
and  in  festivals  and  games. 

The  eleven  gentes  as  four  phratries  constitute  the  tribe. 

Such  is  the  social  organization  of  the  W3'andottes. 

Each  gens  is  a  body  of  eonsauguineal  kindred  in  the  female  line, 
and  each  gens  is  allied  to  other  gentes  by  consanguineal  kinship 
through  the  male  line,  and  bj'  affinity  through  marriage. 

To  be  a  member  of  the  tribe  it  is  necessary  to  be  a  member  of 
a  gens ;  to  be  a  member  of  a  gens  it  is  necessary  to  belong  to 
some  family  ;  and  to  belong  to  a  family  a  person  must  have  been 
born  in  the  family  so  that  his  kinship  is  recognized  ;  or  he  must 
be  adopted  into  a  famil}^  and  become  a  son,  brother,  or  some  defi- 
nite relative ;  and  this  artificial  relationship  gives  him  the  same 
standing  as  actual  relationship  in  the  family,  in  the  gens,  in  the 
phraUy,  and  in  the  tribe. 

Thus  the  tribe  is  a  bodv  of  kindred. 

Of  the  four  groups  thus  described,  the  gens,  the  phratrj-,  and 
the  tribe  constitute  the  series  of  organic  units ;  the  familj'  or 
household  as  here  described  is  not  a  unit  of  the  gens  or  phratry 
as  two  gentes  are  represented  in  each  —  the  father  must  belong  to 
one  gens  and  the  mother  and  her  children  to  another. 

GOVERNMENT. 

Society  is  maintained  by  the  establishment  of  government,  for 
rights  must  be  recognized  and  duties  performed. 

In  this  tribe  there  is  found  a  complete  differentiation  of  the 
military  from  the  civil  government. 

CIVIL    GOVERNMENT. 

The  civil  government  inheres  in  a  s^'stem  of  councils  and  chiefs. 

In  each  gens  there  is  a  council  composed  of  four  women  called 
Yu-wai'-yu*wa'-na. 

These  four  women  councillors  select  a  chief  of  the  gens  from 
its  male  members  —  that  is  from  their  brothers  aud  sons.  This 
gentile  chief  is  the  head  of  the  gentile  council. 

The  council  of  the  tribe  is  composed  of  the  aggregated  gentile 
councils.  The  tribal  council  therefore  is  composed  one-fifth  of 
men  aud  four-fifths  of  women. 
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The  sacbcm  of  .the  tribe  or  tribal  chief  is  chosen  by  the  ebiefi 
of  the  gentes. 

There  is  sometimes  a  grand  council  of  the  gens  composed  of 
the  councillors  of  tlie  gens  proper  and  all  the  heads  of  bouM- 
holds  and  leading  men  —  brothers  and  sons. 

There  is  also  sometimes  a  grand  council  of  the  tribe  oompbeed 
of  the  council  of  the  tribe  proper  and  the  heads  of  households  of 
the  tribe  and  all  the  leading  men  of  the  tribe. 

These  grand  councils  are  convened  for  special  purposes. 

METHODS   OP    CHOOSINO   AND   INSTALLING   COUNCILLORS   AKD   CBIEFt. 

The  four  women  councillors  of  the  gens  are  chosen  by  the  heads 
of  households  —  themselves  being  women.  There  is  no  formal 
election,  but  frequent  discussion  is  had  over  the  matter  IVom  time 
to  time  in  which  a  sentiment  grows  up  within  the  gens  and 
throughout  the  tribe  that  in  the  event  of  the  death  of  any  coun- 
cillor a  certain  person  will  take  her  place. 

In  this  manner  there  is  usually  one,  two,  or  more  potential 
councillors  in  each  gens  who  are  expected  to  attend  all  the  meet- 
ings of  the  council  though  they  take  no  part  in  the  deliberations 
and  have  no  vote. 

When  a  woman  is  installed  as  councillor  a  feast  is  prepared  by 
the  gens  to  which  she  belongs  and  to  this  feast  all  the  members  of 
the  tribe  are  invited.  The  woman  is  painted  and  dressed  in  her 
best  attire  and  the  sachem  of  the  tnbe  places  upon  her  head  the 
gentile  chaplet  of  feathers  and  announces  in  a  formal  manner  to 
the  assembled  guests  that  the  woman  has  been  chosen  a  conn- 
cillor.  The  ceremony  is  followed  by  feasting  and  dancing  often 
continued  late  into  the  night. 

The  gentile  chief  is  chosen  by  the  council  women  after  consulta- 
tion with  the  other  women  and  men  of  the  gens.  Often  the  gen- 
tile chief  is  a  potential  chief  through  a  period  of  probation. 
During  this  time  he  attends  the  meetings  of  the  council  but  takes 
no  part  in  their  deliberations  and  has  no  vote. 

At  his  installation  the  council  women  invest  him  with  an  elabor- 
ately ornamented  tunic,  place  upon  his  head  a  chaplet  of  feathers, 
and  paint  the  gentile  totem  on  his  face.  The  sachem  of  the  tribe 
then  announces  to  the  people  that  the  man  has  been  made  chief  of 
the  gens  and  admitted  to  the  council.  This  is  also  followed  by  a 
festival. 
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The  sachem  of  the  tribe  is  selected  by  the  men  belonging  to  the 
council  of  the  tribe.  Formerly  the  sachemship  inhered  in  the  bear 
gens  but  at  present  he  is  chosen  from  the  deer  gens  from  the  fact, 
as  the  Wyandottes  say,  that  death  has  carried  away  all  the  wise 
men  of  the  bear  gens. 

The  chief  of  the  wolf  gens  is  the  herald  and  sheriff  of  the  tribe. 
He  superintends  the  erection  of  the  council  house  and  has  the  care 
of  it.  He  calls  the  council  together  in  a  formal  manner  when 
directed  by  the  sachem.  He  announces  to  the  tribe  all  the  decis- 
ions of  the  council  and  executes  the  directions  of  the  council  and 
of  the  sachem. 

Gentile  councils  are  held  frequently  from  day  to  day  and  from 
week  to  week  and  are  called  by  the  chief  whenever  deemed  neces- 
8|iry.  When  matters  before  the  council  are  considered  of  great 
importance  a  grand  council  of  the  gens  may  be  called. 

The  tribal  council  is  held  regularly  on  the  night  of  the  full  moon 
of  each  lunation  and  at  such  other  times  as  the  sachem  may  de- 
termine ;  but  extra  councils  are  usually  called  by  the  sachem  at 
the  request  of  a  number  of  councillors. 

Meetings  of  the  gentile  councils  are  very  informal;  but  the 
meetings  of  the  tribal  councils  are  conducted  with  due  ceremony. 

When  all  the  persons  are  assembled  the  chief  of  the  wolf  gens 
calls  them  to  order,  fills  and  lights  a  pipe,  sends  one  puff  of  smoke 
to  the  heavens  and  another  to  the  earth.  The  pipe  is  then  handed 
to  the  sachem  who  fills  his  mouth  with  smoke  and,  turning  from 
left  to  right  with  the  sun,  slowly  puffs  it  out  over  the  heads  of  the 
councillors  who  are  sitting  in  a  circle.  He  then  hands  the  pipe  to 
the  man  on  his  left  and  it  is  smoked  in  turn  by  each  pei*son  until 
it  has  been  passed  around  the  circle. 

The  sachem  then  explains  the  object  for  which  the  council  is 
called.  Each  person  in  the  way  and  manner  he  chooses  tells  what 
he  thinks  should  be  done  in  the  case.  If  a  majority  of  the  coun- 
cil is  agreed  as  to  action  the  sachem  does  not  speak  but  may 
simply  announce  the  decision.  But  in  some  cases  there  may  be 
protracted  debate  which  is  carried  on  with  great  deliberation. 
In  case  of  a  tie  the  sachem  is  expected  to  speak. 

It  is  considered  dishonorable  for  any  man  to  reverse  his  decision 
after  having  spoken. 

Such  are  the  organic  elements  of  the  Wyandotte  govei*nment. 
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Functions  of  Civil  Government. 

It  is  tbe  function  of  government  to  preserve  rights  and  enforce 
the  performance  of  duties.  Rights  and  duties  are  correlative. 
Rights  imply  duties,  and  duties  imply  rights.  The  right  inhering 
in  the  party  of  the  first  part  imiK>ses  a  duty  on  the  party  of  tbe 
second  part.  The  right  and  its  correlative  dnty  are  inseparable 
parts  of  a  relation  that  must  be  maintained  by  government ;  and 
the  relations  which  governments  are  established  to  maintain  4nay 
be  treated  under  the  general  head  of  rights. 

In  Wyandotte  government  these  rights  may  be  classed  as  fol- 
lows:— 

First:  —  Rights  of  Marriage. 

Second  :  —  Rights  to  names. 

Third  : — Rights  to  personal  adornments. 

Fourth  : — Rights  of  order  in  encampments  and  migrations. 

Fifth  : — Rights  of  property. 

Sixth  : — Rights  of  person. 

Seventh  : — Rights  of  community. 

Eighth  :  —  Rights  of  religion. 

To  maintain  rights,  rules  of  conduct  are  established,  not  by 
formal  enactment  but  by  regulated  usage.  Such  custom-made  laws 
may  be  called  regulations. 

Marriage  Regulations. 

Marriage  between  members  of  the  same  gens  is  forbidden,  bat 
consanguineal  marriages  between  persons  of  different  gentes  are 
permitted. 

For  example,  a  man  may  not  marrj'^  his  mother's  sister's  dangh- 
ter  as  she  belongs  to  the  same  gens  with  himself;  but  he  can 
marry  his  father's  sister's  daughter  because  she  belongs  to  a  dif* 
fereut  gens. 

Husbands  retain  all  their  rights  and  privileges  in  their  own 
gentes  though  they  live  with  the  gentes  of  their  wives.  Children, 
irrespective  of  sex,  belong  to  the  gens  of  the  mother.  Men  and 
women  must  marr^-  within  the  tribe.  A  woman  taken  to  wife  from 
without  the  tribe  must  first  be  adopted  into  some  family  of  a  gens 
other  than  that  to  which  the  man  belongs.    That  a  woman  may 
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take  for  a  husband  a  man  without  the  tribe,  he  must  also  be  adopt- 
ed into  the  family  of  some  gens  other  than  that  of  the  woman. 
What  has  been  called  by  some  ethnologists  endogamy  and  exog- 
amy are  correlative  parts  of  one  regulation,  and  the  Wyandottes, 
like  all  other  tribes  of  which  we  have  any  knowledge  in  Noith 
America,  are  both  endogamous  and  exogamous. 

Folygaraia  is  permitted,  but  the  wives  must  belong  to  different 
gentes.  The  first  wife  remains  the  head  of  the  household.  Poly- 
andria  is  prohibited.  A  man  seeking  a  wife  consults  lier  mother, 
sometimes  directly  and  sometimes  through  his  own  mother.  The 
mother  of  the  girl  advises  with  the  women  councillors  to  obtain 
their  consent,  and  the  young  people  usually  submit  quietly  to  their 
decision.  Sometimes  the  women  councillors  consult  with  the 
men. 

When  a  girl  is  betrothed,  the  man  makes  such  presents  to  the 
mother  as  he  can.  It  is  customary  to  consummate  the  marriage 
before  the  end  of  the  moon  in  which  the  betrothal  is  made. 
Bridegroom  and  bride  make  promises  of  faithfulness  to  the  par- 
ents and  women  councillors  of  both  parties.  It  is  customary  to 
give  a  marriage  feast  in  which  the  gentes  of  both  parties  take 
part.  For  a  short  time  at  least,  bride  and  groom  live  with  the 
bride's  mother  or  rather  in  the  original  household  of  the  bride. 

The  time  when  they  will  set  up  housekeeping  for  themselves 
is  usually  arranged  before  marriage. 

In  the  event  of  the  death  of  the  mother  the  children  belong  to 
her  sister  or  to  her  nearest  female  kin,  the  matter  being  settled  by 
the  council  women  of  the  gens.  As  the  children  belong  to  the 
mother,  on  the  death  of  the  father  the  mother  and  children  are 
cared  for  by  her  nearest  male  relatives  until  subsequent  marriage. 

NAME    REGULATIONS. 

It  has  been  previousl}'  explained  that  there  is  a  body  of  names 
the  exclusive  property  of  each  gens.  Once  a  year,  at  the  green- 
corn  festival,  the  council  women  of  the  gens  select  the  names  for 
the  children  born  during  the  previous  year,  and  the  chief  of  the 
gens  proclaims  these  names  at  the  festival.  No  person  may 
change  his  name,  but  every  person,  man  or  woman,  by  honorable 
or  dishonorable  conduct,  or  by  remarkable  circumstance  may  win 
a  second  name  commemorative  of  deed  or  circumstance,  which  is 
a  kind  of  title. 
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REGULATIONS   OF   PERSONAL  ADORNMENT. 

Each  class  has  a  distinctive  method  of  painting  the  face,  a  dis- 
ttinctive  chaplet  to  be  worn  by  the  gentile  chief  and  council  women 
<when  they  are  inaugurated,  and,  subsequentlj',  at  festival  occa- 
•eions,  and  distinctive  ornaments  for  all  its  members  to  be  used 
rat  festivals  and  religious  ceremonies. 

REGULATIONS  OF  ORDER  IN  ENCAMPMENT  AND  MIGRATIONS. 

The  camp  of  the  tribe  is  in  an  open  circle,  or  horseshoe,  and  the 
gentes  camp  in  the  following  order,  beginning  on  the  left,  and 
going  around  to  the  right : — 

Deer,  Bear,  Highland  Turtle  (striped),  Highland  Turtle  (black). 
Mud  Turtle,  Smooth  laige  Turtle,  Hawk,  Beaver,  Wolf,  Sea 
Snake,  Porcupine. 

The  order  in  which  the  households  camp  in  the  gentile  group  is 
regulated  by  the  gentile  councillors,  and  adjusted  from  time  to 
time  in  such  a  manner  that  the  oldest  family  is  placed  on  the  left 
and  the  youngest  on  the  right.  In  migrations  and  expeditions 
the  order  of  tiavel  follows  the  analogy  of  encampment. 

PROPERTY   RIGHTS. 

Within  the  area  claimed  by  the  tribe  each  gens  occupies  a 
smaller  tract  for  the  purpose  of  cultivation.  The  right  of  the  gens 
to  cultivate  a  rparticular  tract  is  a  matter  settled  in  the  council  of 
the  tribe,  and  the  gens  may  abandon  one  tract  for  another  only 
with  the  consent  of  the  tribe.  The  women  councillors  partition 
the  gentile  land  among  the  householders  and  the  household  tracts 
are  distinctly  murkcd  by  them.  The  ground  is  repartitioned  once 
in  two  years. 

The  heads  •of  households  are  responsible  for  the  cultivation  of 
the  tract,  and  should  this  duty  be  neglected  the  council  of  the  gens 
calls  the  responsible  parties  to  account. 

Cultivation  is  communal ;  that  is,  all  of  the  able-bodied  women 
of  the  gens  take  part  in  the  cultivation  of  each  household  tract  in 
the  following  manner : — 

The  head  of  the  household  sends  her  brother  or  son  into  the 
forest  or  to  the  stream  to  bring  in  game  or  fish  for  a  feast ;  then 
the  able-bodied  women  of  the  gens  are  invited  to  assist  in  the 
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cultivation  of  tlie  land,  and  when  this  work  is  done  a  feast  is 
given. 

The  wigwam  or  lodge  and  all  articles  of  the  household  belong 
to  the  woman — the  head  of  the  household — and  at  her  death  are 
inherited  bj  her  eldest  daughter,  or  nearest  of  female  kin.  The 
matter  is  settled  b}'  the  council  women.  If  the  husband  die  his 
property  is  inherited  by  his  brother  or  his  sistei^'s  son,  except  such 
portion  as  may  be  buried  with  him.  His  property  consists  of  his 
clothing,  hunting  and  fishing  implements,  and  such  aiticles  as  are 
used  personally  by  himself. 

Usually  a  small  canoe  is  the  individual  property  of  the  man. 
Large  canoes  are  made  by  the  male  members  of  the  gentes  and 
are  the  propert}*^  of  the  gentes. 

RIGHTS    OP   PERSONS. 

Each  individual  has  a  right  to  freedom  of  person  and  security 
from  personal  and  bodily  injury,  unless  adjudged  guilty  of  crime 
by  proper  authority. 

COMMUNITY   RIGHTS. 

Each  gens  has  the  right  to  the  services  of  all  its  women  in  the 
cultivation  of  the  soil.  Each  gens  has  the  right  to  the  service  of 
all  of  its  male  members  in  avenging  wrongs,  and  the  tribe  has 
the  right  to  the  service  of  all  its  male  members  in  time  of  war. 

RIGHTS   OF  RELIGION. 

Each  phratry  has  the  right  to  certain  religious  ceremonies  and 
the  preparation  of  certain  medicines. 

Each  gens  has  the  exclusive  right  to  worship  its  tutelar  god, 
and  each  individual  has  the  exclusive  right  to  the  possession  and 
use  of  a  particular  amulet. 

CRIMES. 

The  violations  of  lights  are  crimes.  Some  of  the  crimes  rec- 
ognized by  the  Wyandottes  are  as  follows : — 

1.  Adultery.  4.   Murder. 

2.  Theft.  5.   Treason. 

3.  Maiming.  6.  Witchcraft. 

A  maiden  guilty  of  fornication  may  be  punished  bj'  her  mother 
or  female  guardian,  but  if  the  crime  is  flagrant  and  repeated  so  as 
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to  become  a  matter  of  general  gossip,  and  the  mother  fails  to  cor- 
rect it,  the  matter  may  be  taken  up  by  the  council  women  of  the 
gens. 

A  woman  guilty  of  adultery,  for  the  first  offence  is  punished  by 
having  her  hair  cropped  ;  for  repeated  offences  her  left  ear  is  cut 
off. 

THEFT. 

The  punishment  for  theft  is  twofold  restitution.  When  the 
prosecutor  and  prosecuted  belong  to  the  same  gens,  the  trial  is 
before  the  council  of  the  gens,  and  from  it  there  is  do  appeal.  If 
the  parties  involved  are  of  different  gentes,  the  prosecator, 
through  the  head  of  his  household,  lays  the  matter  before  the 
council  of  his  own  gens  ;  by  it  the  matter  is  laid  before  the  gen* 
tile  council  of  the  accused  in  a  formal  manner.  1  hereu|X)n  it  be- 
comes the  duty  of  the  council  of  the  accused  to  investigate  the 
facts  for  themselves,  and  to  settle  tlie  matter  with  the  council  of 
the  plaintiff.  Failure  thus  to  do  is  followed  hy  retaliation  in  the 
seizing  of  any  property  of  the  gens  which  may  be  found. 

MAIMINO. 

Maiming  is  compounded,  and  the  method  of  procedure  in  pros- 
ecution is  essentially  the  same  as  for  theft. 

MURDER. 

In  the  case  of  murder,  if  both  parlies  are  members  of  the  same 
gens,  the  matter  is  tried  hy  the  gentile  council  on  complaint  of 
the  head  of  the  household,  but  there  may  be  an  appeal  to  the 
council  of  the  tribe.  Where  the  parties  belong  to  different  gen- 
tes, complaint  is  formally  made  by  the  injured  party,  through  the 
chief  of  his  gens  in  the  following  manner : 

A  wooden  tablet  is  prepared  upon  which  is  inscribed  the  totem 
or  heraldic  emblem  of  the  injured  man's  gens,  and  a  picture- 
writing  setting  forth  the  offence  follows. 

The  gentile  chief  appears  before  the  chief  of  the  council  of  the 
gens  of  the  offender,  and  formally  states  the  offence,  explaining 
the  picture-writing,  which  is  then  delivered. 

A  council  of  the  offender's  gens  is  thereupon  called  and  a  trial 
is  held.  It  is  the  duty  of  this  council  to  examine  the  evidence 
for  themselves  and  to  come  to  a  conclusion  without  further  pre- 
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sentation  of  the  matter  on  the  part  of  the  person  aggrieved. 
Having  decided  the  matter  among  themselves  they  appear  before 
the  chief  of  the  council  of  the  aggrieved  party  to  offer  compen- ' 
sation. 

If  the  gens  of  the  offender  fails  to  settle  the  matter  with  the 
gens  of  the  aggrieved  party,  it  is  the  duty  of  his  nearest  relative 
to  avenge  the  wrong.  Either  party  may  appeal  to  the  council  of 
the  tribe.  Tiie  appeal  must  be  made  in  due  form,  by  the  presen- 
tation of  a  tablet  of  accusation. 

Inquiry  into  the  effect  of  a  failure  to  observe  prescribed  for- 
malities developed  an  interesting  fact.  In  procedure  against 
crime,  failure  in  formality  is  not  considered  a  violatipn  of  the 
rights  of  the  accused,  but  proof  of  his  innocence.  It  is  consid- 
ered supernatural  evidence  that  the  charges  are  false.  In  trials 
for  all  offences,  forms  of  procedure  are,  therefore,  likely  to  be  ear- 
nestly questioned. 

TREASON. 

Treason  consists  in  revealing  the  secrets  of  the  medicine  prep- 
arations, or  giving  other  information  or  assistance  to  enemies  of 
the  tribe,  and  is  punished  by  death.  The  trial  is  before  the  coun* 
cil  of  the  tribe. 

WITCHCRAFT. 

"Witchcraft  is  punished  by  death  (stabbing,  tomahawking,  or 
burning).  Charges  of  witchcraft  are  investigated  b}'  the  grand 
council  of  the  tribe.  When  the  accused  is  adjudged  guilty  he 
may  appeal  to  supernatural  judgment.  The  test  is  by  fire.  A 
circular  fire  is  built  on  the  ground  through  which  the  accused 
must  run  from  east  to  west,  and  then  from  north  to  south.  If  no 
injury  is  received  he  is  adjudged  innocent ;  if  he  falls  into  the  fire 
he  is  adjudged  guilty.  Should  a  person  accused,  or  having  the 
general  reputation  of  practising  witchcraft,  become  deaf,  blind, 
or  have  sore  eyes,  earache,  headache,  or  other  diseases  considered 
loathsome,  he  is  supposed  to  have  failed  in  practising  his  arts  upon 
others,  and  to  have  fallen  a  victim  to  them  himself.  Such  cases 
are  most  likely  to  be  punished. 
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OUTLAWRY. 

The  institution  of  outlawry  exists  among  the  Wyandottes  in  a 
peculiar  form.  An  outlaw  is  one  who  by  his  crimes  has  placed 
himself  without  the  protection  of  his  clan.  A  man  can  be  de- 
clared  an  outlaw  by  his  own  clan  who  thus  publish  to  the  tribe 
that  they  will  not  defend  him  in  case  he  is  injured  by  another. 
But  usually  outlawry  is  declared  only  after  trial  before  the  tribal 
council. 

The  method  of  procedure  is  analogous  to  that  in  case  of  mur- 
der. When  the  person  has  been  adjudged  guilty  and  sentence  of 
outlawry  declared,  it  is  the  duty  of  the  chief  of  the  Wolf  clan  to 
make  known  the  decision  of  the  council.  This  he  does  by  appear- 
ing before  each  clan  in  the  order  of  its  encampment,  and  declaring 
in  terms  the  crimes  of  the  outlaw  and  the  sentence  of  outlawry 
which  may  be  either  of  two  grades. 

In  the  lowest  grade  it  is  declared  that  if  the  man  shall  there- 
after continue  in  the  commission  of  similar  crimes  it  will  be  law- 
ful for  any  person  to  kill  him,  and  if  killed,  rightfully  or  wrong- 
fully, his  clan  will  not  avenge  his  death. 

Outlawry  of  the  highest  degree  makes  it  the  duty  of  any  mem- 
ber of  the  tribe  who  may  meet  with  the  offender  to  kill  him. 

MILITARY   GOVERNMENT. 

The  management  of  military  affairs  inheres  in  the  military 
council  and  chief;  the  military  council  is  composed  of  all  the 
able-bodied  men  of  the  tribe ;  the  military  chief  is  chosen  by  the 
council  from  the  Porcupine  gens.  Each  gentile  chief  is  respon^ 
sible  for  the  military  training  of  the  youth  under  bis  authority. 
There  is  usually  one  or  more  potential  military  chiefs  who  are  the 
close  companions  and  assistants  of  the  chief  in  time  of  war,  and 
in  case  of  the  death  of  the  chief  take  his  place  in  the  order  of 
seniority. 

Prisoners  of  war  are  adopted  into  the  tribe  or  killeiL  To  b^ 
adopted  into  the  tribe  it  is  necessary  that  the  prisoner  should  be 
adopted  into  some  family. 

The  warrior  taking  the  prisoner  has  the  first  right  to  adopt  him, 
and  his  male  or  female  relations  have  the  right  in  the  order  of. 
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their  kinship.     If  no  one  claim  the  prisoner  for  this  par|)ose  he 
is  caused  to  run  the  gauntlet  as  a  test  of  his  courage. 

If  at  his  trial  he  behaves  manfully,  claimants  are  not  wanting, 
but  if  he  behaves  disgracefully  he  is  put  to  death. 

FELLOWHOOD. 

There  is  an  interesting  institution  found  among  the  Wyan- 
dottes  as  among  some  other  of  our  North  American  tribes, 
namely,  that  of  Fellowhood.  Two  young  men  agree  to  be  per- 
petual friends  to  each  other,  or  more  than  brothers.  Each  reveals 
to  the  other  the  secrets  of  his  life  and  counsels  with  him  on  mat- 
ters of  importance,  and  defends  him  from  wrong  and  violence, 
and  at  his  death  is  chief  mourner. 

The  government  of  the  Wyandottes,  with  the  social  organization 
upon  which  it  is  based,  affords  a  typical  example  of  tribal  govern- 
ment throughout  North  America.  Within  that  area  there  are 
several  hundi'ed  distinct  governments.  In  so  great  a  number 
there  is  great  variety,  and  in  this  variety  we  find  different  degrees 
of  organization ;  the  degree  of  organization  being  determined  by 
the  differentiation  of  the  functions  of  government,  and  the  cor- 
relative specialization  of  oi'ganic  elements. 

Much  has  yet  to  be  done  in  the  study  of  these  goveiiiments  be- 
fore safe  generalizations  may  be  made.  But  enough  is  known  to 
warrant  the  following  statement. 

Tribal  government  in  North  America  is  based  on  kinship,  in 
that  the  fundamental  units  of  social  organization  are  bodies  of 
consanguineal  kindred,  either  in  the  male  or  female  line;  these 
units  being  what  has  been  well  denominated  '^  gentes." 

These  ^^gentes''  are  organized  into  tribes  by  ties  of  relation- 
ship and  affinity,  and  this  organization  is  of  such  a  character  that 
the  man's  position  in  the  tribe  is  fixed  by  his  kinship.  There  is 
no  place  iu  a  tribe  for  any  person  whose  kinship  is  not  fixed,  and 
only  those  persons  can  be  adopted  into  the  tribe  who  are  adopted 
into  some  family  with  artificial  kinship  specified.  The  fabric  of 
Indian  society  is  a  complex  tissue  of  kinship —  the  warp  is  made 
of  streams  of  kinship  blood  and  the  woof  of  marriage  ties. 

With  most  tribes  military  and  civil  affairs  are  differentiated. 
The  functions  of  civil  government  are,  in  general,  differentiated 
only  to  this  extent:  that  executive  functions  are  performed  by 
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chiefs  and  sachems ;  but  these  chiefs  and  sachems  are  also  mem- 
bers of  the  council.  The  council  is  legislature  and  court.  Per- 
haps it  were  better  to  say  that  the  council  is  the  court  whose 
decisions  are  law,  and  that  the  legislative  body  properly  has  not 
been  developed. 

In  general,  crimes  are  well  defined.  Procedure  is  formal,  and 
forms  are  held  as  of  such  importance  that  error  therein  is  prima 
facie  evidence  that  the  subject-matter  formulated  was  false. 

When  one  gens  charges  crime  against  a  member  of  another,  it 
can  of  its  own  motion  proceed  only  to  retaliation.  To  prevent 
retaliation  the  gens  of  the  offender  must  take  the  necessary  steps 
to  disprove  the  crime,  or  to  compound  or  punish  it.  The  charge 
once  made  is  held  as  just  and  true  until  it  has  bejen  disproved, 
and  in  trial  the  cause  of  the  defendant  is  first  stated.  The  anger 
of  the  prosecuting  gens  must  be  placated. 

In  the  tribal  governments  there  are  many  institutions,  customs 
and  traditions  which  give  evidence  of  a  former  condition  in  whioh 
society  was  based, —  not  upon  kinship,  but  upon  marriage. 

From  a  survey  of  the  facts,  it  seems  highly  probable  that  kin- 
ship-society, as  it  exists  among  the  tribes  of  North  America,  has 
developed  from  connubial  society  which  is  discovered  elsewhere 
on  the  globe.  In  fact,  there  are  few  tribes  that  seem  scarcely  to 
have  passed  that  indefinite  boundary  between  the  two  social 
states.    Philologic  research  leads  to  the  same  conclusion. 

Nowhere  in  North  America  have  a  people  been  discovered  who 
have  passed  beyond  tribal  society,  to  national  society  based  on 
property,  t.  e.,  that  form  of  society  which  is  characteristic  of  civi- 
lization. Some  peoples  may  not  have  reached  kinship-society; 
none  have  passed  it. 

Nations  with  civilized  institutions,  art  with  palaces,  mono- 
theism as  the  worship  of  the  Great  Spirit, — all  vanish  from  the 
priscan  condition  of  North  America  in  the  light  of  anthropologic 
research. 

Tribes,  with  the  social  institutions  of  kinship,  art  with  its 
highest  architectural  development  exhibited  in  the  structure  of 
communal  dwellings,  and  polytheism  in  the  worship  of  mythic 
animals  and  nature-gods,  remain. 
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The  Dacotah  Tkibks  :   their  beliefs,  and  our  duty  to  them 
OUTLINED.      By  Henry  B.  Cakrington,   Colonel  U.  S.   A. 

The  pulse  of  our  quick  life  will  brook  no  check.  In  the  rage 
for  gold,  tiie  white  man  has  held  for  nought  the  red  man's  rights. 
How  to  get  all  he  has  and  then  get  rid  of  him,  at  the  first  chance, 
and  be  glad  when  he  is  gone,  is  the  sum  which  we  count  up,  as 
fast  as  we  can,  to  kill  his  nice. 

I  wish  to  tell  some  things  which  will  give  him  grace  at  your 
hands.  I  do  not  tell  where  he  came  from,  but  as  he  is  a  man,  he 
has  value,  and  if  the  brain  force  which  is  here  can  plan  good  for 
the  live  red  man  and  let  him  live,  it  will  be  worth  as  much  as  to 
read  what  stones  and  coals  say  of  the  dead  past.  I  will  not  Uy  to 
work  out  the  fact  as  to  how  he  came  to  be.  You  who  strive  to  get 
at  the  first  start  of  each  old  race  can  do  that.  He  is  here,  and  I 
speak  for  him. 

I  felt  a  strange  thrill  of  zeal  for  him  when  Irwakura,  the  chief 
of  the  Japan  Legatfon  which  visited  this  country,  stated,  that  "he 
asked  that  his  train  might  stop  at  Echo  Canon,  so  that  he  might 
look  u|K)n  the  first  ve<\  man  he  ever  met."  I  give  what  he  said,  for 
your  thought.  It  was  this :  "We  have  a  tradition  in  our  country, 
that  our  people  came  from  the  skies  in  a  boat,  and  we  have  pic- 
tures which  represent  our  ancestors.  I  know  enough,  now,  to 
see  that  people  cannot  come  out  of  the  sk}' ;  but  when  I  see  those, 
who  for  the  first  time  remind  me  of  the  pictures  of  our  forefathers, 
I  wonder,  with  awe,  whether  America  was  not  their  home  and  the 
ocean  waves  took  them  to  Japan."  It  was  a  new  thought  to  me, 
and  I  pass  it  to  you  who  are  adepts  in  this  branch  of  stud}"",  for 
further  solution. 

I  speak  for  the  red  men  of  Dacotah,  but  include  all  who  were 
associated  with  ray  service  on  the  Plains,  principally  the  Paw- 
nees, Winneb.agoes,  Northern  Cheyennes,  Arapahoes,  Ogallalla  and 
Brule  Sioux  and  the  Crows.  I  do  not  say  that  like  thought  stirs 
the  brain  of  all  these  bands  ;  but  in  none  have  I  found  words  which 
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curse  God.  White  Horse,  an  old  Cl»e3'enne  chief,  was  aroused 
when  he  heard  white  men  curse,  and  said,  *'  it  was  not  so  bad  for 
a  boy  to  curse  his  father  and  mother,  as  for  a  man  to  curse  the 
Great  Spirit,  who  gave  him  air,  earth,  water  and  all  good  things." 
One,  thus  stated  his  idea,  pointiug  to  a  child  :  ''  Pappoose  wiskeat 
auteas ?  Pappoose  wiskeat  autrara?"  (Pappoose  curse  father  and 
mother)."  ''The  child  would  have  had  no  father  and  mother, and 
the  father  and  mother  would  have  had  no  child,  but  for  the  Great 
Spirit.  Why  do  the  white  men  curse?"  The  red  man  takes  up 
our  strong  words  to  express  auger ;  but  his  reverence  for  the  Great 
Spirit  is  above  that  of  some  white  men  who  claim  to  be  his  master. 
Their  views  as  to  life  after  death  are  no  less  striking.  When 
the  dead  were  rescued  from  the  battle-Held  after  Fetterman's  mas- 
sacre in  18G6,  when  three  olllcers  and  seventy-eight  men  were 
killed  and  cut  up  in  thirty  minutes,  1  found  that  nearly  every  body 
was  stripped  of  the  muscles  of  the  arm,  breast,  back,  thigh  and 
calves  of  the  legs.  The  bodies  were  filled  with  arrows,  one  hun- 
dred and  sixt3'-eight  having  been  found  in  three  bodies.  I  quote 
from  the  Official  Report  as  to  these  mutilations.  *'  Kyes  torn  out 
and  laid  on  the  rocks  ;  teeth  chopped  out  -Joints  of  fingers  cut  off; 
brains  taken  out  and  placed  on  rocks,  with  members  of  the  body ; 
entrails  taken  out  and  exposed  ;  hands  and  feet  cutoff;  arms  taken 
out  from  socket ;  eyes,  ears,  mguth  and  arms  penetrated  with 
spearheads,  sticks  and  arrows ;  punctures  upon  every  sensitive 
part  of  the  body,  even  to  the  soles  of  the  feet  and  the  palms  of  the 
hands."  I  asked  a  member  of  the  Red  Cloud  band,  why  this  was 
done  ;  and  the  key  to  these  mutilations  was  startling  and  impressive. 
Their  idea  of  the  spirit  land  is,  that  it  is  a  physical  paradise,  but 
we  enter  upon  its  mysteries  just  in  the  condition  we  hold  when  we 
die.  In  the  Indian  paradise  every  physical  taste  or  longing  is 
promptly  met.  If  he  wants  food  it  is  at  hand.  Water  springs  up 
for  ready  use.  Ponies  and  game  abound.  Blossoms,  leaves  and 
fruit  never  fail.  All  is  perennial  and  perpetual.  But  what  is  the 
Indian  hell?  It  is  the  same  in  place  and  in  profusion  of  mercies; 
but  the  bad  cannot  partake.  Like  Dives  who  saw,  craved  and 
panted  for  relief,  he  cannot  enjoy.  In  the  light  of  this  idea,  these 
tortured  bodies  had  a  new  significance.  With  the  muscles  of  the 
arms  cut  out,  the  victim  could  not  pull  a  bow-string  or  trigger; 
with  other  muscles  gone  he  could  not  ride  in  the  stirrup  or  stoop 
to  drink ;  so  that  while  every  sense  was  in  agony  for  relief  from 
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hnnojer  or  thirst,  there  could  be  no  relief  at  all.  The  red  man  does 
not  have  the  moral  sense  which  would  argue  that  ovory  vice  is 
crippling  the  moral  and  mental  muscles,  so  that  every  fault  leaves 
man  less  perfect  for  beginning  a  grand  career  be3'ontl  the  grave  ; 
but  the  germ  thought  is  in  his  mind,  and  the  white  man  can  give 
it  better  force  and  activity  if  he  will  care  half  as  well  for  the  red 
man  as  he  does  for  Hottentots,  Asiatics  and  strangers  of  the  South 
Pacific  Isles.  Before  Chief  Joseph  of  the  Nez  Perces  fled  from 
his  rightful  home,  in  1877,  to  fight  for  his  very  life,  he  was  asked 
if  he  wanted  schools  on  the  Wallowa  reservation,  he  said  "  No  ! " 
When  asked  his  reason,  he  replied  that  '4t  would  bring  churches." 
"  Don't  you  want  churches?"  was  the  next  inquiry.  "No,  no,"  he 
answered,  **  it  will  teach  us  to  quarrel  about  God,  as  the  Catholics 
and  Protestants  do.  We  fight  each  other,  but  we  don't  want  to 
leaiTi  to  fight  about  God."  When  asked  to  sell  his  reservation,  he 
sharph'  replied  :  "Do  you  believe  that  we  came  out  of  the  bosom 
of  the  Earth?  I  know  j^ou  do.  Then  the  earth  is  our  mother. 
Would  yon  sell  your  mother?     I  never  will  sell  mv  mother." 

Their  mode  of  burial  by  raising  the  dead  upon  platforms,  above 
the  reach  of  wild  beasts,  until  the  dust  returns  to  mother  earth,  is 
full  of  strange  fancies.  Their  dread  of  being  hanged  is  due  to 
their  fear  that  as  the  spirit  leaves  the  body  while  the  feet  are  above 
the  earth,  it  will  be  doomed  to  the  loss  of  all  capacity'  for  walking 
and  running  hereafter,  the  most  horrible  of  fates  for  the  red  man 
whose  hope  and  jo}'  are  in  physical  bliss  alone. 

One  more  phase  of  the  red  man's  life  is  pertinent  to  this  inquiry. 
**What  shall  we  do  with  and  for  him?"  It  seems  to  me  that  here 
is  just  the  place  to  speak  a  word  for  him,  because  the  work  of  sci- 
ence is  to  bless  man  ;  and  we  do  not  push  inquiry  so  far  back  into 
the  silent  past  and  into  the  cold  forms  of  the  once  igneous  trap 
and  gi'anite,  and  reconstruct  old  life  from  impress  and  fragment, 
that  we  ignore  the  living  present.  It  is  better  to  preserve  a  race 
with  which  our  fathers  did  compete  for  this  fair  continent,  than  to 
explain  how  the  red  man  came  here,  and  what  was  his  pedigree 
direct  from  Adam,  or  some  anterior  protoplasm.  We  call  him  a 
savage,  but  he  can  be  a  friend.  The  Narragansetts  and  Dela- 
wares  were  true  to  the  white  man.  The  Pawnees,  Winnebagoes 
and  Crows  have  been  true  to  the  white  man.  Spotted  Tail,  with 
his  ten  thousand  companions,  is  true,  and  he  has  not  failed  to 
meet  pledges  made  in  1866.     lied  Cloud  and  his  eleven  thousand 
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followers  are  true,  in  spite  of  repeated  change  of  his  reservation, 
and  untold  deprivations  which  the  tide  of  western  growth  has 
brought.  1  say,  plainly,  that  the  red  man  when  he  enters  into  a 
fair  contract,  understandingly,  is  as  faithful  to  obligation  as  the 
average  white  man,  and  that  from  18G5  until  the  present  time, 
there  has  not  been  a  border  campaign  which  did  not  have  its  im- 
pulse in  the  aggressions  of  the  white  man.  When  Dull  Knife,  the 
Che3'enne  chief,  broke  out  of  Camp  Robinson,  and  his  braves  and 
squaws  fought  until  nearl}'  all  were  killed,  it  was  because  they 
would  rather  die  than  be  sent  to  the  Indian  Tenitory,  where  they 
had  neither  friends  nor  country.  And  yet  this  man,  in  18C6,  re- 
fused to  take  the  war  path  with  Red  Cloud,  and  suflered  much  to 
prove  that  he  was  the  white  man's  friend. 

The  occupation  of  the  Powder  river  country,  and  the  valleys  of 
the  Big  Horn  and  Yellowstone,  during  that  year,  in  the  face  of 
Harney's  treaty  of  1865,  opened  up  that  series  of  disasters  which 
has  sacrificed  so  many  white  men,  and  exacted  so  much  of  ven- 
geance upon  the  red  man  himself.  It  was  time  that  he  was  dealt 
with  as  other  men  are  dealt  with.  Legislation  and  adjudication 
have  changed  the  old  theory  of  our  Supreme  Court,  which  held 
that  the  Indians  were  internal  nations,  dependent  indeed,  but  ca- 
pable of  contracting  by  treaty.  We  must  treat  them  as  men, 
under  law,  and  punish  the  red  and  white  men  alike  and  protect 
them  alike.  Then  there  will  be  found  in  America  an  asylum  even 
for  those  whose  fathers  were  here  when  our  fathers  sought  an  asy- 
lum, and  we  shall  crown  our  work  of  the  emancipation  of  the  Afri- 
can, by  the  preservation  of  the  Indian. 

I  was  asked  yesterday  to  explain  why  the  Indians  used  arrows 
so  freely  upon  the  bodies  of  their  victims.  It  is  a  part  of  their 
superstition.  While  they  will  not  often  use,  again,  an  arrow  sliot 
at  an  enemy,  if  it  miss  him,  because  the  Great  Spirit  did  not  wish 
it  to  hit,  they  count  to  their  credit  every  act  of  courage.  Thus, 
when  in  single  combat,  the  red  man  wouhl  fail  to  get  a  scalp, 
unless  aided,  the  friend  who  has  helped  him,  shoots  arrows  into 
the  body  and  keeps  the  record,  to  show  that  while  he  did  not  get 
the  scalp  he  was  the  cause  of  its  being  secured.  This  very  chief. 
Dull  Knife,  when  in  18G6,  he  refused  to  join  Red  Cloud,  at  the  first 
outbreak  of  war,  was  slashed  across  the  shoulders  with  bows,  in 
contempt,  with  the  cry  of  ''Coo  !"  (coward)  and  these  '*Coo8"  are 
recorded  by  knots  tied  in  their  ponies'  manes,  as  the  next  thing  to 
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victo^3^  So  the  arrows  used  upon  a  body  under  a  state  of  facts 
such  as  given  are  so  many  **Coos"  to  the  crecHt  of  a  warrior.  The 
hundreds  of  arrows  found  in  the  bodies  after  the  Fetterman  massa- 
cre, showed  that  the  whole  force  of  the  red  man  was  employed  to 
silence  the  brave  men  who  fought  with  desperation  against  an  over- 
whelming body.  It  is  enough  for  us  to  know  that  white  men  first 
stole  their  lands,  and  then  sold  them  arms,  and  did  b}'  every  low 
passion  work  out  the  scheme  by  which  we  should  treat  the  Indian 
as  a  brute  to  be  exterminated,  rather  than  as  a  man  to  be  saved. 
In  the  horrors  of  that  calamity  when  loved  companions  fell  so  sud- 
denly after  safely  passing  the  ordeal  of  four  years  of  war,  and  it 
seemed  as  if  there  was  no  salvation  for  the  rest  of  the  small  force 
in  Dacotah,  and  when  our  wives  and  our  children  were  in  peril,  so 
that  no  one  knew  what  the  next  hour  would  bring  of  toil  or  trial,  I 
could  not  but  feel  that,  if  I  had  been  a  red  man,  I  would  have 
fought  as  bitterly,  if  not  as  cruelly,  for  my  rights  and  my  home,  as 
the  red  man  fought. 

Be  it  our  part  to  strengthen  the  hands  of  those  who  would  save 
the  red  man,  so  that  the  eternal  disgrace  of  his  extinction  shall 
not  attach  to  America  while  Christianity  is  its  strength  and  its 
glory. 


The    Thkory    of    Primitive    Dkmocracy    in    the    Alps.      By 
Dkxman  W.  Ross,  of  Cambridge,  Mass. 

As  long  ago  as  1871,  Sir  Ilcnry  Maine  said,  in  his  book  entitled 
"Village  Communities  in  the  East  and  West,"  that  he  knew  noth- 
ing more  striking  among  Mr.  Freeman's  many  contributions  to 
our  historical  knowledge  than  his  identification  of  the  fragments 
of  Teutonic  societ}',  organized  upon  its  primitive  model,  which 
are  to  be  fouud  in  the  Forest  Cantons  of  Switzerland.  Sir  Henry 
Maine  refers  to  the  Swiss  Landesgeyneinden^  or  commonwealths, 
and  to  Mr.  Freeman's  theory  about  them  ;  that  they  are  an  archaic 
political  institution  that  has  survived  to  our  day. 

You  all  remember,  I  am  sure,  the  stirring  description  that  Mr. 
Freeman  gives  of  this  institution  in  his  Essay  upon  the  English 
Constitution.  *^  Year  by  year,"  he  says,  ''on  certain  spots  among 
the  dales  and  mountain-sides  of  Switzerland,  the  traveller  who  is 
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daring  enough  to  wander  out  of  beaten  tracks,  and  to  make  his 
journey  at  unusual  seasons,  may  look  on  a  sight  such  as  no  other 
corner  of  the  earth  can  anv  longer  set  before  him.  He  may  there 
gaze  and  feel,  wliat  none  can  feel  but  those  who  have  seen  with 
their  own  eyes,  what  none  can  feel  in  its  fulness  more  than  once 
in  a  life-time,  the  thrill  of  looking  for  the  first  time,  face  to  face, 
on  freedom  in  its  purest  and  most  ancient  form.  He  is  there  in  a 
land  where  the  oldest  institutions  of  our  race,  institutions  which 
may  be  traced  up  to  the  earliest  times  of  which  history  or  legend 
gives  us  any  glimmering,  still  live  on  in  their  primeval  freshness. 
He  is  in  a  land  where  an  immemorial  freedom,  onlj-  less  eternal 
than  the  rocks  that  guard  it,  puts  to  shame  the  boasted  antiquity 
of  kingly  dynasties,  which,  by  its  side,  seem  but  as  innovations  of 
yesterday.  There,  year  by  year,  on  some  bright  morning  of  the 
spring-tide,  the  Sovereign  Peoi)le,  not  intrusting  its  rights  to  a 
few  of  its  own  number,  but  discharging  them  itself  in  the  majesty 
of  its  corporate  person,  meets  in  the  open  market-place,  or  in  the 
green  meadow  at  the  mountain's  foot,  to  frame  the  laws  to  which 
it  3'ields  obedience  as  its  own  work,  to  choose  the  rulers  whom  it 
can  afford  to  greet  with  reverence  as  drawing  their  commission 
from  itself."  After  saying  so  nuich  in  general  with  regard  to 
''freedom  in  its  purest  and  most  ancient  form,"  which  he  has 
discovered  in  the  Alps,  Mr.  Freeman  goes  on  to  describe  what  he 
calls  '^the  immemorial  democrac}' of  Uri ;"  and  this  description 
serves  to  illustrate  what  I  have  just  read  to  you. 

Witliout  doubt  we  have  in  the  Swiss  commonwealths,  in  Uri  and 
Appenzell,  for  example,  the  purest  form  of  democrac}', —  democ- 
racy without  representation.  Ever}'  freeman  has  an  equal  voice  in 
the  assembly,  and  he  is  there  in  person  to  help  in  the  making  of  laws 
and  the  appointment  of  magistrates;  but  the  assertion  that  this 
democracy  is  iuiniemorial  and  archaic  is  the  statement  of  a  theor>', 
which,  though  it  has  been  generally  received,  has  never  been 
established  by  an  J'  suflicient  or  satisfactory  evidenc»e. 

It  is  the  object  of  the  following  argument  to  show:  —  1.  That 
the  theory  of  primitive  democracy  in  the  Ali)s  has  not  been  estab- 
lished by  satisfactory  evidence  ;  that  it  cannot,  therefore,  be  re- 
garded as  a  contribution  to  historical  knowledge;  and,  2.  That 
according  to  the  accounts  and  records  there  was  nothing  of  democ- 
racy in  the  political  constitution  of  early  Teutonic  society.  Yon 
will  see  that  there  were  two  classes  of  freemen, —  the  chieftains 
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and  their  followers :  that  the  office  of  chieftain  was  hereditary  and 
also  elective;  not  elective,  however,  upon  democratic  principles, 
but  by  individual  choice,  prompted  b}^  individual  preference.  Tiie 
adherence  of  the  followers  to  their  chieftains  was  in  all  cases 
personal ;  and  it  was  voluntary  unless  the  followers  were  depen- 
dents. You  will  see  that  the  evolution  of  the  political  and  eco- 
nomic institutions  of  the  early  Germans  was  directly  towards 
feudalism,  a  social  system  based  upon  personal  adherence  and 
personal  dependence. 

I  have  just  said  that  Mr.  Freeman  has  given  us  no  satisfactory 
evidence  to  show  that  the  democracy  of  the  Swiss  Cantons  is 
either  immemorial  or  archaic,  to  show  that  it  is  an  archaic  politi- 
cal institution  that  has  survived  to  our  da3\  lie  tells  us,  in  the 
first  volume  of  his  ''Norman  Conquest"  (Cap.  Ill,  §  2,  note), 
that  he  intends  to  treat  the  history  of  the  democratic  Cantons  of 
Switzerland  more  at  large  in  the  second  volume  of  bis ''Federal 
Government,"  and  he  says:  "I  will  now  onl}'  say  that,  though  the 
amount  of  independence  enjoyed  by  the  ancient  Cantons  has  been 
greatly  exaggerated,  there  is  evidence  to  show  that,  in  some  dis- 
tricts at  least,  the  old  Teutonic  system  can  be  traced  back  un- 
interruptedly as  far  as  we  have  any  records  at  all,  so  that  we  may 
fairly  presume  an  unbroken  succession  from  the  Germans  of 
Tacitus."  The  same  argument  is  reiterated  less  concisely  in  the 
appendix  of  notes  to  the  "  Essay  on  the  English  Constitution." 
This  is  all  the  argument  we  have  as  yet  received  from  Mr.  Free- 
man, lie  intends  to  enlarge  upon  it  in  the  second  volume  of  the 
"Federal  Government;"  but  the  volume  has  not  appeared,  and 
we  have  no  more  promise  of  it.  In  the  meantime  we  have  a 
brief  which  we  will  proceed  to  examine. 

Mr.  Freeman  tells  us  that  we  can  trace  the  old  system  back  a 
long  wa}'  into  the  Middle  Ages,  that  we  may  therefore  presume 
an  unbroken  succession  from  the  Germans  of  Tacitus.  You  will 
observe,  in  the  first  place,  that  Mr.  Freeman  assumes  that  it  is  the 
old  system  which  we  trace  back  in  this  way.  He  assumes  that 
the  present  existing  system  is  substantially  the  same  as  that  which 
existed  in  the  time  of  Tacitus,  which  is  certainly  something  to  be 
proved,  and  not  to  be  assumed.  Mr.  Freeman  should  have  said 
the  present  system  may  be  traced  back  a  long  way  into  the  Middle 
Ages,  lie  should  then  have  shown  b}-  a  careful  analysis  and 
comparison  that  it  is  identical  with  that  which  existed  in  the  time 
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of  Tacitus.  Then  be  might  have  pointed  out  the  probable  con» 
neetion  between  tlie  two  systems.  But  even  then  the  argunieDt 
would  have  been  a  very  weak  one  ;  for,  as  you  will  observe,  in  the 
second  place,  Mr.  Freeman  admits  that  there  is  a  gap  in  the  rec- 
ords across  which  we  are  helped  by  inference  and  not  by  evidence. 
We  trace,  he  says,  the  old  system  back  into  the  Middle  Ages,  and 
presume  that  it  goes  back  to  the  Germans  of  Tacitus.  Of  course 
the  force  or  weakness  of  the  argument  depends  u])on  the  extent 
of  this  gap  between  the  mediseval  records  and  the  account  of 
Tacitus.     The  greater  the  gap,  the  weaker  the  argument. 

It  happens  that  the  first  record  containing  any  reference  to  the 
Canton  Uri  is  of  the  year  732.  Eto,  the  Abbot  of  Reichenaa, 
was  banished  by  the  Duke  of  the  Alamanni  to  Uri, —  in  Uroniam, 
(Monumenta  Germanise.  Scriptoros,  V,  p.  98.)  A  document  of 
853  contains  the  words  pafjellnm  Uronice,  and  a  reference  to 
homines  tarn  liberos  quam  el  servos.  The  little  canton,  with  its 
lands  and  people,  churclies  and  houses,  is  given  by  Ludwig  the 
German  to  the  cloister  of  nuns  at  Zurich.  It  appears  as  private 
estate,  serving  private  ends, — jure  pi'oprietatis  et  ml  nostrma  opus, 
(See  Neugart.  Codex  Diplomatjcus,  CCCXLIX,  and  also  Rilliet's 
*'  Origines  de  la  Confederation  Suisse,"  p.  401.)  The  first  record, 
however,  which  contains  anything  from  which  we  can  infer  any 
organized  and  independent  movement  among  the  people  of  Uri 
is  of  a  later  date.  It  is  of  the  year  O.lo.  It  is  a  record  in  the 
archives  of  Zurich,  given,  however,  in  full  in  the  appendix 
to  Rilliet*s  ''Origines."  The  inha)>itnnts  of  Uri  (inhahitaniihus 
Uroniayn),  the  dependents  and  tenants  of  the  Fraumiinster  at 
Zurich,  resist  a  proposed  increase  in  their  rents  and  dues,  on  tlie 
ground  that  it  was  for  them,  the  peo|)le  of  Uri,  to  decide  what 
additional  rents  and  dues  mi<2;lit  be  levied.  It  was  a  matter  to  be 
decided  according  to  custom  and  law  (patrvm  nostrorum  jure 
et  lege)^  not  by  th<»  authority  of  the  Abbess  or  her  advocate. 
The  custom  or  law  referred  to  is  probably  that  which  we  find  in 
the  Lex  Alamannorum  (Tit.  XI 11).  The  freemen  upon  the 
estates  of  the  Church,  qno,H  colonos  vacant^  paid  to  the  Church  the 
same  rents  and  dues  that  the  freemen  upon  the  estates  of  the  king 
paid  to  him. 

You  see  that  there  is  really  no  evidence  in  the  document  of  955 
to  establish  the  existence  of  communal  or  democratic  institutions 
in  Uri.     All  that  we  can  infer  from  it  is,  that  there  was  in  Uri  a 
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group  of  men  who  bad,  by  law,  a  certain  rigbt,  wbich  in  the  year 
955  they  were  able  to  maintain  against  usurpation.  (Compare 
Rilliet,  p.  37.)  It  was  not  until  the  thirteenth  century  that  Uri 
obtained  what  could  be  called  political  independence,  and  it  was 
not  until  afterwards  that  the  people  had  the  right  to  choose  their 
own  magistrate,  or  Landammann,  (Compare  Bluntschli,  Ge- 
schichte  des  Schweizerischen  Bundesrechts,  I,  p.  28.)  But  I  will 
grant,  for  the  sake  of  argument,  that  the  democracy  of  the  Swiss 
Cantons  may  be  traced  back  to  the  year  955,  not  in  its  present 
developed  form,  but  somehow  or  other  as  Mr.  Freeman  would  have 
it.  (See  appendix  of  notes  to  the  Essay  on  the  English  Consti- 
tution.) 

If  the  earliest  record  in  the  history  of  communal  or  democratic 
institutions  in  .the  Alps  dates  in  the  year  955  —  and  regarding  the 
other  Cantons  beside  Uri  there  are  no  records  of  so  early  a  date 
from  which  we  can  infer  any  independent  organization  among  the 
lower  classes  —  if,  as  I  say,  the  earliest  record  in  the  history  of 
communal  or  democratic  institutions  in  the  Alps  dates  in  the  year 
955,  the  middle  of  the  tenth  century,  and  the  account  of  the 
Germans  of  Tacitus  was  written  at  the  beginning  of  the  second 
century,  and  there  is  no  evidence  to  establish  the  existence 
of  democratic  institutions  during  the  intermediate  time,  there  is 
a  gap  of  eight  and  a  half  centuries  in  the  history  of  those  institu- 
tions;  and  you  will  agree  with  me,  I  am  sure,  when  I  say  that 
their  continuity  from  the  time  of  Tacitus  to  the  present  day  can- 
not be  established. 

Mr.  Freeman  is  inclined  to  admit,  in  his ''Norman  Conquest" 
(Cap.  Ill,  §  2,  note),  that  in  all  but  ''a  few  of  the  smallest  Swiss 
Cantons,  and  in  several  of  these,  the  ancient  freedom  had  to  be 
reconquered,  and  was  not  uninterruptedly  retained."  He  says 
that  this  was  ^'altogether  so"  in  Glarus  and  Appenzell  and  "  in 
Uri  to  some  extent."  He  does  not  tell  us  where  it  was  not  so. 
Still  he  insists  that  the  democracy  in  the  Alps,  if  not  a  survival, 
is  at  least  a  revival,  of  the  democracy  which  existed  among  the 
Germans  in  the  time  of  Tacitus.  And  this  seems  to  be  Mr. 
Freeman's  theory,  divested  of  rhetorical  exaggeration  and  reduced 
to  simi)lest  statement. 

Granting  that  the  political  constitution  of  earl}'  Teutonic  society 
was  democratic,  Mr.  Freeman's  argument  is  very  weak,  owing  to 
the  lapse  of  at  least  eight  and  a  half  centuries,  probably  more 
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than  twelve  centuries,  during  which  we  have  no  records  to  show, 
either  tliat  the  democracy  of  early  times  was  surviving,  or  that 
the  traditions  of  it  were  being  preserved.  If,  however,  the  politi- 
cal constitution  of  early  Teutonic  society  was  not  democratic,  not 
at  all  like  the  constitution  of  the  democratic  Cantons  of  Switzer- 
land, Mr.  Freeman's  theory  will  deserve  no  support,  nor  any 
further  consideration. 

I  shall  now  proceed  to  lay  before  3'ou,  in  as  good  order  as  I  can 
and  as  briefly,  the  facts  which  we  have  which  i*elate  to  the  politi- 
cal organization  of  early  Teutonic  society.  We  must  find  out 
whether  it  was  in  any  respect  democratic,  or  not ;  we  must  find 
out,  if  we  can,  precisely  what  it  was. 

The  first  account  we  have  of  the  Germans,  at  least  the  first 
account  from  which  we  learn  anything  with  regard  to  the  organi- 
zation of  society  among  them,  is  found  in  two  or  three  chapters 
of  Caesar's  Commentary  ''de  Bello  Gallico."  The  facts  contained 
in  these  chapters  are  few  and  bare  enough,  but  we  have  them  from 
an  original  witness,  and  one  of  the  highest  character.  Caesar 
describes  as  the  prime  constituents  of  Teutonic  society  two  classes 
of  persons, —  the  chieftains,  ov principes^  and  the  people;  getitibus 
coguationibusque  hominum  qui  una  coierunt.  In  any  nation  of 
Germans  there  were  numbers  of  chieftains,  and  the  mass  of  the 
people  were  gi-ouped  under  their  leadership.  We  learn  that  in 
time  of  peace  there  was  no  common  ruler  over  the  chieftains,  but 
each  governed  his  followers  independently.  Ccesar  says  of  tliem 
(B.  G.,  VI,  23) :  inter  suos  jus  dicunt  controversiasque  miniiunt. 
All  this  agrees  with  what  Baed  says  of  the  8axons  (Hist.  p]lccl., 
V,  10).  They  had  no  king,  but  a  great  many  rulers  instead; 
satrabas  plurimos  suae  genii  praepositos.  And  what  was  true  of 
the  Germans  in  general  in  the  time  of  C«sar,  and  of  the  Saxons 
according  to  Baed,  was  true  also  of  the  Lombards  after  the  death 
of  King  Kleph,  at  the  end  of  the  sixth  century.  As  Paul  the 
Deacon  tells  us  in  his  History  (II,  31)  :  For  ten  years  the  Lom- 
bards had  no  king,  but  were  governed  by  their  dukes  alone,  and 
each  of  these  ruled  over  his  own  city.  In  all  there  were  thirt^'-six 
of  them.  Much  more  evidence  could  be  adduced  to  show  that  in 
early  times  there  were  many  chieftains  in  each  nation  of  the 
Germans,  and,  when  they  had  no  common  ruler,  no  king  or  chief 
of  chieftains,  thc}*  ruled  over  their  respective  followers  independ- 
entl}'. 
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We  know,  however,  that  there  were  general  or  national  assem- 
blies in  which  the  chieftains  with  their  respective  followers  met 
together :  and  Caisar  tells  us  that  in  assemblies  of  this  kind  one 
of  the  chieftains  would  rise  and  propose  an  expedition,  and  invite 
others  to  join  him  in  it,  and  those  who  approved  of  the  man,  and 
of  the  expedition  he  proposed,  rose  and  promised  to  follow  and 
obey.  This  invitation  to  join  in  expeditions  was  not  extended  to 
the  mass  of  the  common  people ;  for,  as  Ca3sar  tells  us  (B.  G., 
IV,  1),  tliey  were  divided  eaph  year  into  two  bands,  and  while  one 
was  led  to  war,  the  otlier  was  obliged  to  remain  at  home  to  super- 
intend the  cultivation  of  land,  to  provide  the  means  of  subsistence 
for  themselves  and  those  who  were  absent.  Sic  neqiie  agriadtura  nee 
ratio  atque  usus  belli  intemiittitur.  There  were  many  chieftains  in 
each  nation  of  the  Germans,  and  they  were  constantly  engaged  in 
military  expeditions,  now  under  one  leader,  now  under  another. 
When  they  were  starting  upon  their  expeditions  tliey  divided 
their  respective  followers  into  two  bands,  one  of  which  they  took 
with  them,  w^hile  the}'  left  the  other  at  home.  This  is  what  we 
gather  from  the  testimony  of  Caesar. 

Now  we  want  to  fmd  out,  if  we  can,  whether  the  office  of  chief- 
tain was  elective  or  hereditary  ;  and,  as  Caisar  has  nothing  to  say 
about  that,  we  will  call  up  Tacitus.  He  tells  us  in  his  **Germania*' 
(Cap.  13),  that  the  right  to  be  a  chieftain  was  inherent  in  those 
persons  who  were  of  noble  birth  or  distinguished  parentage ; 
insignis  nobilitas  ant  magna  patrum  merita  priticipia  dignationem 
etiam  adulescentfilis  adsignaiit.  Prom  which  it  appears  that  the 
right  to  be  a  chieftain  was  hereditary.  This  conclusion  is  sup- 
ported by  the  concurrent  testimony  of  the  later  records.  Then 
Tacitus  goes  on  to  say,  that  the  young  chieftains  were  associated 
with  those  who  were  older,  who  had  more  experience  than  the}'; 
rohustiuribus  ac  jam  pridem  probatis ;  and,  he  adds,  the}'  were  not 
ashamed,  although  they  were  chieftains,  to  be  seen  among  the 
followers,  inter  comites.  Then  we  have  a  description  of  the  fol- 
lowing of  a  chieftain,  his  comitatns :  frOm  which  it  appears  that 
the  freemen  who  did  not  attain  to  the  dignity  of  chieftainship 
were  ranked  in  the  following  of  one  or  another  chieftain.  And 
Tacitus  tells  us  that  there  was  a  great  emulation  among  the  chief- 
tains to  get  and  retain  the  greatest  number  of  devoted  adher'fents  ; 
cni  plnriiiii  et  acerrimi  comites.  The  question  arises,  How  did  the 
chieftains    get   these   adherents?      Evidently,   from   all    we   cau 
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gather  from  Tacitus  as  well  as  from  later  sources  of  information, 
by  individual  choice  prompted  by  individual  prefei-ence  on  the 
part  of  the  freemen.  The  freeman  selected  among  all  the  chief- 
tains the  one  he  preferred  to  follow  and  obey ;  came  to  him  with 
his  arms,  cum  arma  sua^  and  took  the  oath  of  allegiance  ;  Drnstem 
et  fidelUatem  conjuravit  (see  old  formula,  Rosiere,  VIII).  This  is  , 
the  sort  of  election  that  obtained  among  the  Germans,  and  it  is 
not  inconsistent  with  the  hereditary  character  of  their  chieftain- 
ship. The  chieftainship  of  the  early  .Germans  was  hereditary  and 
also  elective ;  not  elective,  however,  in  the  modem  fashion,  by 
majorities  of  the  electors,  but  by  their  individual  choice  prompted 
by  their  individual  preference.  The  chieftains  were  elected  by 
divisions  among  the  electors.  Drop  a  number  of  magnets  of 
different  size  and  power  among  a  lot  of  iron  t^cks,  and  you  will 
see  an  election  of  the  magnets  by  tlie  tacks  upon  the  old  Teutonic 
principle.  There  were  many  chieftains  in  each  nation,  and  among 
them  the  freemen  were  at  liberty  to  choose  those  whom  they  indi- 
vidually preferred  to  follow  and  obey.  The  result  of  this  was 
that  the  freemen  were  constantly  separating  into  gi-oups,  and  each 
group  had  its  chieftain  ;  and  the  size  of  the  group  varied  according 
to  the  attractive  force  of  its  leader.  If  he  was  particularly  noble 
by  birth,  rich  in  land  or  stock,  or  distinguished  for  courage  or 
success,  he  was  sure  to  have  many  followers.  If  he  was  not  par- 
ticularly noble,  nor  rich,  nor  distinguished,  he  had  very  few. 

This  interpretation  of  the  testimony  of  Tacitus  is  quite  different 
from  that  which  has  been  generally  adopted.  The  prevailing 
opinion  is,  that,  according  to  the  account  of  Tacitus,  there  were 
chieftains  who  were  elected  upon  democratic  principles,  who  act^d 
as  representatives  of  the  people ;  and  each  of  them  had  about  him 
a  band  of  personal  followers,  as  a  sort  of  body  guard.  As  Canon 
Stubbs  says  (Doc.  III.  of  Engl.  Hist.,  Introd.,  p.  3)  :  The  vil- 
lages and  cantons  were  governed  by  the  jvincipes  appointed  by  the 

nation  in  its  popular  assembly and  the  principes  had  the 

privilege  of  being  attended  by  a  train  of  comites^  who  fought  for 
them  in  battle,  waited  upon  them  in  peace,  and  regarded  the  honor 
of  association  with  them  as  more  than  a  compensation  for  such 
diminution  of  freedom  as  the  relation  of  patron  and  dependent 
involved.  The  text  of  the  Gernianla  does  not,  however,  admit  of 
any  such  interpretation;  nor  is  it  consistent  with  the  testimony 
of  the  later  records. 
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The  conclusion  we  reach  then  is,  that  there  were  two  classes  of 
freemen, —  those  who  had  the  right  to  be  chieftains  and  those  who 
were  the  personal  followers  and  companions  of  the  chieftains. 
The  right  to  be  a  chieftain  was  hereditary ;  but  those  who  had  not 
this  right  were  at  liberty  to  choose  among  the  chieftains  those 
whom  they  personally  preferred.  Although  the  office  of  chieftain 
was  hereditary,  it  did  not  per  se  involve  the  adherence  of  followers. 
The  chieftainship  was  hereditary,  but  followers  were  not  inherited 
with  it.  The  adherence  of  the  followers  was  in  all  cases  personal. 
It  was  also  voluntary. 

This  last  statement  must  not  be  made,  however,  without  a  quali- 
fication. Tiie  adherence  of  the  followers  was  in  all  cases  personal, 
and  it  was  voluntary  unless  the  followers  were  dependents.  We 
must  divide  the  followers  into  two  classes, —  free  followers  and 
dependents. 

We  might  infer,  from  what  Tacitus  tells  us  in  his  fourteenth 
chapter,  that  the  followers  were  regularly  dependent  upon  their 
chieftains  for  food  and  arms ;  but  I  cannot  regard  the  statements 
in  the  chapter  as  strictly  correct ;  for,  in  Chapter  13,  Tacitus  tells 
us  that  some  of  the  followers  got  their  arms  from  their  fathers  or 
kinsmen,  as  if  by  inheritance ;  and,  in  Chapter  20,  he  speaks  of 
a  law  of  inheritance,  according  to  which  all  property  was  equally 
divided  among  sons  or  nearest  kinsmen.  Therefore  sopie  of  the 
followers,  probably  many  of  them,  had  wealth  of  their  own,  and 
were  not  necessarily  dependent  upon  their  chieftains.  There  were 
two  classes  of  followers, —  those  who  were  dependent  upon  their 
chieftains  for  food  and  arms,  and  those  who  had  their  own  means 
of  subsistence  and  self-defence  ;  and  it  made  a  great  difference  in 
that  early  society  whether  a  man  belonged  to  one  class  or  the 
other. 

Tacitus  tells  us  (Germ.,  Cap.  44)  in  a  passage  seldom  quoted, 
but  a  passage  that  seems  to  me  very  significant,  that  among  the 
Suiones,  the  Germans  of  the  North,  wealth  was  greatly  esteemed, 
and  that  it  followed  from  that  that  the  chieftains  could  govern 
with  no  doubtful  claim  to  obedience  :  est  apud  illos  et  opibus  JionoSy 
eoque  unua  imperiiat^  nullis  iam  excejHionibus,  non  precario  iure 
parendi.  Compare  the  capitulary  of  the  year  813  ;  where  it  is 
written  (XVI),  that  no  one  was  free  to  leave  his  chieftain  (senior) 
after  receiving  from  him  the  equivalent  of  one  solidus;  unless  his 
chieftain   attempted   to   slay  him,  or   beat  him  with  a  stick,  or 
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attempted  to  dishonor  bis  wife  or  daughter,  or  sought  to  deprive 
him  of  his  inheritance. 

The  Visigothie  Law  (V,  III,  1)  reads  as  follows:  If  anyone 
give  his  follower  arms  or  anything  else,  and  he,  the  follower,  de- 
sires to  desert  iiis  patron  to  choose  another,  he  must  first  restore 
to  him  everything  received  by  way  of  benefice.  We  see  from  tliis 
that  if  the  Tacitean  comes  got  his  arms  from  his  chieftain,  he  was 
DOt  free  to  desert  him  until  he  gave  them  back.  According  to  the 
ancient  custom  of  the  Lombards,  as  we  learn  from  a  capitulary  of 
the  year  793,  a  freeman  could  commend  himself  to  whomsoever  he 
pleased  ;  De  Uberis  hominibus  Langobardis  ut  liceivtiam  habeant  se 
coinmendandi  ubi  voluerint.  So  in  the  Edict  of  Rothar,  the  Lom- 
bard king  (Sec.  CLXXVII),  *••  A  freeman  can  go  where  he  pleases 
with  his  fara  [familia  jyeaniiaque^^  with  the  king's  permission  ;  but 
if  he  has  received  anything  from  his  chieftain,  or  any  one  else,  he 
must  restore  that  to  him  or  to  his  heirs."  T|ie  phrase  of  Domesday 
Book  (I,  p.  175),  »i  if  a  liber  homo  est  vt  habeat  sacam  siiam  et 
cum  terra  sua  j^ossit  ire  quo  voluerit^  is  significant  in  this  con- 
nection. 

These  and  other  similar  records  testify,  that  among  the  fol- 
lowers there  was  a  class  of  dependent  persons,  who  got  their  arms 
and  the  means  of  subsistence  from  their  respective  chieftains; 
that  they,  were  bound  in  consequence  of  this  indebtedness,  not 
only  to  remain  with  their  patrons,  but  to  perform  for  them  such 
services  as  were  consistent  with  their  rank  or  dignity.  Compare 
the  capitulary  of  the  year  815.  Cap.  VL  If  a  roan  was  full-free, 
he  was  not  to  do,  or,  rather,  should  not  be  required  to  do,  any 
servile  work.  Compare  the  capitulary  of  the  year  793 :  De 
Uberis  hominibus  ad  servilia  non  cogendis;  and  I  may  refer  you 
also  to  the  Sirmondi  Formula,  No.  44,  to  the  words,  ingenuHe 
ordine  tibi  sei^ntium  vel  obsequium  i7)ipendere  debeam. 

You  see  that  the  freemen  were  divided  into  two  classes, —  the 
chieftains  and  their  personal  followers ;  and  you  see  that  the  per- 
sonal followers  of  the  chieftains  were  divided  into  two  classes, — 
those  whose  adherence  was  voluntary,  who  could  desert  their 
chieftains  ad  libitum^  and  those  who  were  bound  in  dependence, 
who  were  not  at  liberty  to  desert  their  chieftains.  These  were 
the  prime  factors  in  the  organization  of  early  Teutonic  society. 

The  clans  and  nations  of  men  were  confederationaof  more  or 
less  feudalized  states,  each  under  its  chieftain ;  and  a  general  or 
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national  assembly  was  a  meeting  of  the  chieftains,  accompanied 
by  their  personal  followers,  voluntary  and  dependent. 

Looking  at  the  account  of  a  general  or  national  assembly  among 
the  early  Germans,  the  account  that  Tacitus  gives  us  in  the 
eleventh  chapter  of  his  "Germania,"  and  explaining  it  by  the  aid 
of  modern  political  facts  and  modern  political  theories,  we  are 
inclined  to  say  that  the  chieftains  were  the  representative  magis- 
trates of  the  people.  We  are  inclined  to  describe  the  assembly 
as  democratic  in  character.  But  the  modern  point  of  view  is  not 
the  only  point  of  view,  it  is  not  the  right  point  of  view. 

Do  we  not  read  in  the  Law  of  Athelstan,  the  Anglo-Saxon  king, 
(Ord.  2,)  that  every  man  had  a  lord  in  the  folkmoot?  Canon 
Stubbs,  Mr.  Freeman,  and  most  of  the  German  writers,  would  say 
that  this  came  ta  pass  in  course  of  time.  But  do  we  not  learn 
from  Tacitus  what  we  learn  from  this  law  of  Athelstan?  He  tells 
us  that  those  who  w^ere  not  chieftains  took  their  choice  among 
those  who  were,  and  became  their  personal  followers.  It  appears, 
therefore,  that  the  folkmoot^  or  popular  assembly,  in  the  time  of 
Tacitus,  was  —  what  it  was  in  the  time  of  Athelstan  —  an  as- 
sembly of  chieftains  accompanied  by  their  personal  adherents. 

The  philologists  tells  us  that  the  German  word  Konig^  our  kingj 
corresponds  with  the  Sanskrit  ganaka;  and  this  signifies  the  father 
of  a  family.  (See  Max  Midler,  Science  of  Language,  II,  284.) 
This  is  a  text  for  us,  pointing  to  the  fact  that  the  kingship  or 
chieftainship  of  early  times  is  rooted  in  the  idea  of  paternity  and 
paternal  authority.  The  authority  of  the  king  or  chieftain  is 
primarily  the  authority  of  the  father  or  the  patriarch :  and  we 
may  say  that,  among  the  branches  of  the  Aryan  race  at  least,  the 
tap-root  in  the  history  of  institutions  is  the  patria  poteslas.  It 
was  an  absolute  authority,  not  over  wife  and  child  simply,  but 
over  followers  in  dependence,  and  slaves  in  servitude.  The  father 
of  the  family  was  its  sovereign  ruler ;  and  the  clans  and  the 
nations  of  men  were  associations  of  families  bound  together  by 
the  blood  relationship  of  their  heads.  This  blood  relationship  was 
the  sole  bond  of  their  confederation  ;  and  we  have  what  Mr.  Grote 
has  very  happily  described  as  the  omnipotence  of  private  force, 
tempered  and  guided  by  family  sympathies.  In  the  course  of  time, 
however,  certain  families  became  eminent  above  others  by  reason 
of  their  success  in  the  struggle  for  existence.  The  movements  of 
these  families  at  first  determined,  and  afterwards  governed,  those 
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of  all  the  other  families  with  which  they  were  in  any  way  as- 
sociated ;  and  the  members  of  such  prominent  families  became 
the  leaders  and  the  rulers  of  their  fellow-men,  as  their  chieftains 
or  their  kings ;  and  the  authority  of  these  chieftains  or  kings  was 
the  authority  of  heads  of  families,  which  was  the  only  sort  of 
authority  known  to  that  early  society,  passing  bej'ond  the  limits 
of  families  over  bands  of  personal  and  voluntary  adherents.  It 
was  an  absolute  authority,  tempered  only  by  the  independence 
and  liberty  of  those  over  whom  it  was  exerted.  It  w^as  a  sovereign 
authority  struggling  under  adverse  condition. 

It  was  a  sovereignty,  limited  by  competition.  There  were 
numbers  of  chieftains  in  every  nation,  and  the  people  were  free  to 
transfer  their  allegiance  from  one  to  another ;  the  result  of  which 
was,  that  the  competition  among  the  chieftains  to  get  and  retain 
the  greatest  number  of  devoted  adherents  caused  their  anthority 
over  these  adherents  to  sink  to  a  minimum.  The  real  character 
of  that  authority  is  revealed  only  in  the  course  of  time,  when  this 
competition  ceased,  in  consequence  of  the  spread  of  dependence, 
of  settled  life  and  local  attachment ;  or  as  the  result  of  agreement 
among  the  chieftains  in  opposition  to  the  independence  and  liberty 
of  those  whom  they  governed. 

In  the  year  587,  the  Fraukish  kings  Guntrara  and  Childebert 
agreed  that  the}'  would  not  attempt  to  allure  one  another's  fol- 
lowers from  their  allegiance.  They  would  neither  persuade  them 
to  desert,  nor  receive  them  if  they  did  so:  shniliter  convenit  ut 
ntillus  alterius  leiides  nee  sollicitet  nee  venientes  excipiat.  As  if  our 
capitalists  should  agree  not  to  solicit  one  another's  workmen,  nor 
to  employ  them  should  the}'  come  seeking  labor.  As  if  our  great 
land-owners  should  agree  not  to  receive  one  another's  tenants, 
should  they  present  themselves  and  ask  for  leases  of  land.  If 
such  events  should  come  to  pass,  the  power  of  the  capitalist  and 
the  landlord  would  be  revealed  to  our  amazement.  So  it  was  with 
the  kings  and  chieftains  of  early  times.  So  long  as  the  competi- 
tion among  them  to  obtain  the  greatest  number  of  devoted  adhe- 
rents was  unchecked,  their  authorit}'  was  kept  at  a  minimum.  But 
when  this  competition  ceased,  great  powers,  which  had  been  latent 
before,  became  apparent  to  the  world  in  the  feudal  monarchy  of 
the  Middle  Ages. 

The  aim  of  the  student  who  pretends  to  work  in  a  scientific 
wav  is  fust  to  attain  a  point  of  view  embracing  all  ascertainable 
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facts  in  their  natural  and  true  relationship,  and  then  to  lead  others 
to  that  point  of  view.  80  now,  if  you  have  followed  me  through 
my  argument,  and  if  I  have  led  you  to  comprehend  the  facts  we 
have  which  relate  to  the  political  organization  of  early  Teutonic 
society,  we  are  prepared  to  reconsider  together  Mr.  Freeman's 
picture  of  free  institutions  in  the  Swiss  Cantons,  and  we  are 
prepared  to  declare  at  once  that  it  will  not  serve  to  describe  the 
political  organization  of  Teutonic  society  as  revealed  in  the  earliest 
accounts  and  records. 

In  early  times  the  office  of  king  or  chieftain  was  hereditary. 
The  office  of  magistrate  in  the  Swiss  commonwealth  is  elective. 
The  elections  take  place  periodically,  and  are  accomplished  by 
the  concurrence  and  agreement  of  a  majority  of  the  electors. 
The  early  kings  and  chieftains  were  also  elected  ;  not,  however, 
by  majorities  of  the  electors,  but  by  divisions  among  them. 
Every  freeman,  who  was  not  a  dependent,  chose  among  the  kings 
or  chieftains  the  one  whom  he  personally  preferred,  and  remained 
with  him,  under  his  leadership  and  government,  as  long  as  he 
pleased,  and  no  longer.  The  government  of  the  early  kings  and 
chieftains  was  paternal  or  monarchical,  in  early  times  rather  pater- 
nal than  monarchical,  in  later  times  the  reverse  of  this.  In  either 
case  the  authority  emanated  from  the  persons  who  exercised  it, 
and  not  from  the  persons  over  whom  it  was  exercised.  In  the 
Swiss  commonwealth,  on  the  contrary,  the  chief  magistrate  is  the 
representative  of  the  people.  It  is  their  sovereignty,  and  not  his 
own,  that  he  administers.  And  as  to  the  law ;  iu  early  times  it 
was  the  voice  of  the  fathers,  of  the  chieftains,  of  the  kings,  while 
in  the  modern  democracy  it  is  the  voice  of  the  people  as  a  legis- 
lative body. 

In  no  respect  do  we  discover  any  resemblance  between  the 
constitution  of  the  democratic  Cantons  of  Switzerland  and  the 
political  organization  of  early  Teutonic  society :  and  it  follows 
that  the  constituting  of  the  Swiss  commonwealth  is  not  an  archaic 
political  institution  that  has  survived  to  our  day  ;  but  an  institution 
which  has  come  into  being  within  comparatively  recent  times. 
Its  origin  is  not  prehistoric,  not  archaic,  but  mediaeval.  Parti- 
cularly what  it  was  will  be  a  subject  for  future  investigation. 

A.  A.  A.  S.,  VOr.  XXIX.  45 
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The  Antiquity  of  Man   in  Eastern  America ,    oeologicallt 
CONSIDERED.    By  IIenry  Carvill  Lewis,  of  Gerinaotowiiy  Fa. 

r  ABSTRACT.] 

In  the  course  of  an  investigation  of  the  surface  geology  of  soutii- 
east  Pennsylvania,  the  writer  has  determined  some  facts  regardiog 
one  of  the  gravels,  which,  bearing  directly  upon  the  antiquity  of 
man  in  America,  become  of  interest.  In  former  papers  tbe  writer 
has  shown  that  the  gravels  of  the  Delaware  valley  belong  to 
several  distinct  ages ;  and  if,  therefore,  at  any  place  the  remaios  of 
man  are  shown  to  occur^,  it  will  be  important  to  know  to  which 
of  these  gravels  they  should  be  referred. 

'  The  surface  formations  of  southeast  Pennsylvania  may  be 
provisionally  classified  as  five  clays  and  four  gravels.  These  are, 
beginning  with  the  oldest:  (1)  Jurasso-aetaceous  plastic  clay, 
seen  at  Turkey  Hill,  Bucks  Co. ;  (2)  Tertiary  clays  of  the  ^^  Bran- 
don Period"  associated  with  the  iron  ore,  kaolin  and  lignite  of  the 
Montgomery  county  valley  ;  (3)  '*  Bryn  Mawr  gravely"  a  high  level 
gravel  often  found  at  elevations  of  four  hundred  feet,  characterized 
by  the  presence  of  an  iron  conglomerate  and  of  pebbles  of  Pots- 
dam, but  never  of  Triassic  rocks,  and  conjectured  to  be  late 
Tertiary ;  (4)  *^^Branchtown  clay"  of  probably  similar  age ;  (5) 
^^Glasshoro^  gravel"  of  latest  Pleiocene  age,  found  also  on  the 
watershed  in  New  Jei*sey,  between  the  Atlantic  and  the  Delaware, 
and  known  by  its  pebbles  of  Niagara  limestone  and  of  other  fos- 
siliferous  rocks ;  (6)  "  Philadelphia  red  gravel"  of  Champlain  age, 
which  contains  numerous  boulders  of  all  materials,  fragments  of 
Triassic  rocks,  etc.,  which  shows  flow-and-plunge  structure  and 
wave  action  on  a  large  scale  ;  which  rests  on  a  decomposed  gneiss, 
and  which  is  confined  to  the  river  valley  ;  (7)  "  Philadelphia  brick 
day"  which,  with  its  boulders,  rests  upon  the  last,  ^nd,  like  it, 
appears  to  have  been  deposited  by  the  waters  of  the  melting 
northern  glacier ;  (8)  *'7Ven(o74  gravel"  a  sandy  river  gravel  form- 
ing the  bed  of  the  Delaware;  (9)  the  modern  alluvud  mud  now 
forming  in  the  tidewater  swamps. 

Of  these  formations,  one  of  the  least  conspicuous  at  I^iladelphia 
is  that  now  called  the  Trenton  gravel.  It  is  a  ti'ue  river  gravel, 
rising  here  but  a  few  feet  above  the  water,  and  forming  a  quick- 
sand when  below  water  level.  It  is  of  a  gray  color,  and  contains 
pebbles  composed  entirely  of  the  rocks  which  form  the  upper  valley 
of  the  river.  Unlike  older  gravels,  it  has  very  few  quartz  pebbles, 
and  its  pebbles  arc  generally  fiat.     In  tlie  middle  of  Iho  river  at 
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Philadelphia  it  is  one  hundred  feet  deep.  On  tracing  this  gravel 
up  the  Delaware  it  is  found  to  rise  higher  above  the  river  and  to 
extend  farther  back  from  it  as  we  proceed  up  stream.  Thus,  at 
Bristol  it  extends  two  miles  back  from  the  river,  and  is  bounded 
by  a  well-marked  hill,  upon  which  rest  the  older  gravels.  At 
Trenton,  the  limit  of  tidewater,  the  naiTOW  upland  portion  of  the 
valley  begins ;  and  fVom  there  up  this  gravel  is  shallow,  and  con- 
fined to  the  river  bed.  The  oceanic  gravels  trend  across  New 
Jerse}',  and  are  no  more  seen.  Two  surface  formations  alone 
remain — the  river  gravel  of  post-glacial  age,  and  the  brickclay,  with 
its  boulders,  of  Champlain  age.  The  first  lies  within  the  last,  and 
both  can  be  traced  up  to  the  great  terminal  moraine  which  crosses 
the  river  at  Belvidere.  It  is  to  be  especially  noted  that  the  Trenton 
gravel  is  newer  than  adrift  of  Champlain  age.  It  is  in  this  Trenton 
gravel,  and  in  this  gravel  only,  that  traces  of  man  are  found. 

The  Trenton  gravel,  at  the  locality  which  gives  it  its  name,  is 
remarkably  well  exposed.  Trenton  is  at  the  point  where  a  long 
narrow  valley  with  continuous  downward  slope  opens  out  into  a 
wide  alluvial  plain,  and  where  the  rocky  floor  of  the  river  suddenly 
descends  below  ocean  level.  It  is  here  that  the  bulk  of  a  gravel, 
swept  down  the  upper  valley,  would,  on  meeting  tidewater,  stop 
in  its  course,  and  with  its  boulders  be  heaped  up  in  a  mass,  immedi- 
ately afterward  to  be  cut  through  b}*"  the  river.  It  was  thus  that  a 
cliff  of  gravel  fifty  feet  high  was  here  formed,  the  river  having  cut 
through  the  gravel  instead  of  flowing  upon  it,  as  at  Philadelphia. 
This  explanation  dispenses  with  the  necessity  of  assuming,  as  some 
geologists  have  done,  the  submergence  of  the  land  by  the  ocean  at 
the  time  of  the  deposition  of  the  gravel.  That  southern  New  Jersey 
was  at  that  time  dry  land  is  shown  by  the  fact  that  this  gravel  at 
Trenton  extends  inland  a  few  miles  only,  and,  having  filled  up  a 
bay  in  the  ancient  flooded  river,  is  bounded  by  hills  of  the  older 
gravel  which  covers  the  southern  portion  of  the  state. 

There  are  many  facts  indicating  that  the  Trenton  gravel  is  a  true 
river  gravel  and  not  a  glacial  moraine.  The  absence  of  glacial  marks 
on  the  rocks,  the  stratified  character  of  the  gravel,  the  topography 
of  its  banks,  the  comparative  amount  of  its  erosion  and  the  cliar- 
acter  of  its  materials,  all  point  to  the  conclusion  that  it  was  depos- 
ited by  a  great  flood  of  the  river  ;  and  this,  when  taken  in  conrjcction 
with  the  fact  that  it  lies  in  many  places  within  a  channel  cut  tlirough 
gravel  deposited  by  the  waters  of  the  melting  glacier,  indicates  a 
post-glacial  or  at  least  very  late  glacial  age  of  the  Trenton  gravel. 
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The  important  bearing  of  this  conclusion  upon  the  antiqnitv  of 
man  on  the  Delaware,  which,  as  will  ap[>ear,  dei>cnds  directly 
upon  the  age  of  this  gravel,  is  here  apparent.  Calculations  based 
upon  the  erosive  power  of  running  water  show  that  the  time  nec- 
essary for  the  1  iver  to  cut  through  this  gravel  down  to  the  rock  need 
not  have  been  long.  On  the  other  hand,  no  such  flood  as  deposited 
this  gravel  has  ever  occurred  within  the  historical  e|>och.  No  such 
large  boulders  are  ever  now  carried  down  the  river,  and  no 
modem  rainstorms  could  cause  such  a  flood.  It  is  difficult  to  as- 
sign any  other  cause  than  that  of  a  melting  glacier.  Since,  how- 
ever, it  can  be  shown  that  the  Philadelphia  brickclay  —  a  clay 
containing  more  and  more  boulders  as  it  approaches  the  terminal, 
moraine  —  was  formed  by  the  melting  of  the  glacier,  we  here  find 
evidence  of  a  second  and  more  recent  glacier  in  the  Delaware  valley, 
the  melting  of  which  may  have  given  rise  to  the  Trenton  gravel. 

The  hypothesis  of  a  second  glacial  epoch  seems  to  explain  all  the 
facts  observed.  A  similar  period  in  Europe — the  reindeer  period 
— is  supported  by  many  facts.  Should  such  a  period  not  be  traced  in 
America,  we  must  assume  two  periods  of  glacial  melting,  the  one 
much  more  recent  than  the  other.  Evidence  is  accumulating  to  show 
that  the  Onal  melting  of  the  last  glacier  was  not  very  remote. 

The  relics  of  man  which  occur  in  the  Trenton  gravel,  and  which 
were  first  found  by  Dr.  C.  C.  Abbott,  are  of  great  interest.  In  shape, 
in  size,  in  workmanship,  and  in  material  the  implements  here  found 
are  quite  different  from  those  used  by  the  Red  Indian.  These  "palaeo- 
liths"  are  embedded  at  various  depths  in  undisturbedTrenton  gravel. 
There  are  two  points  which  offer  strong  evidence  that  they  are  as  old 
as  the  gravel.  The  first  is  the  fact  that  modern  Indian  implements 
('*neoliths*'),  although  abundant  on  the  surface,  never  occur  more 
than  a  few  inches  below  it,  and  are  never  associated  with  the  paljco- 
liths,  which  are  found  at  depths  of  from  five  to  forty  feet  below  the 
surface.  This  fact  alone  argues  a  different  age  for  the  two  classes  of 
implements.  Tiie  second  fact  is  that,  when  found  below  the  surface, 
thepalicoliths  always  occur  in  the  Trenton  gravel  and  never  in  older 
gravels.  The  writer  has  gone  over,  with  Dr.  Abbott,  much  of  the 
ground  where  the  implements  occur,  and  it  was  very  interesting  to 
find  that  it  was  only  within  the  limits  of  the  Trenton  gravel,  pre- 
viously traced  out  by  the  writer,  that  Dr.  Abbott  had  found  imple- 
ments below  the  surface.  Here,  then,  is  the  strongest  probabilit}', 
even  if  the  implements  were  found  on  the  surface  onT}",  that  they 
belonged  to  and  were  of  coeval  deposition  with  the  river  gravel. 
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The  inaplements  found  in  the  river  gravels  of  Europe  are  of  tlje 
same  typo,  though  as  a  rule  perhaps  less  rude.  Similar  implements 
Lave  been  used  by  the  Eskimos,  and  it  is  probable  that  that  race, 
now  living  in  a  climate  and  under  conditions  perhaps  similar  to 
those  once  existing  in  the  Delaware,  may  have  some  kinship  with 
the  pre-Indian  people  of  this  river.  The  occurrence  of  bones  of 
arctic  animals  and  the  absence  of  all  mollusca  in  the  Trenton 
gravel  indicate  a  period  of  cold. 

All  the  evidence  now  gathered  points  to  the  conclusion  that  at  the 
time  of  the  Trenton  gravel  flood,  man,  in  a  rude  state,  lived  upon  the 
ancient  banks  of  the  Delaware.  If  future  archaeological  work  can 
show  a  connection  between  this  people  and  the  Eskimos,  it  may  be 
appropriate  to  call  thel  period  of  the  Trenton  gravel  and  of  this  pa- 
laeolithic people, a  period  perhaps  following  a  second  glacial  age,  the 
Eskimo  period^  a  name  more  suggestive,  and  derived  from  a  higher 
order  of  beings  than  that  which  gave  the  name  "Reindeer  Period.'* 

While  others  have  held  that  the  occurrence  of  implements  m  the 
Trenton  gravel  indicates  the  existence  of  man  in  inter-glacial  or 
even  pre-glacial  times,  the  writer  believes  that  the  investigations 
here  described  indicate  the  origin  of  man,  at  a  time  which,  geolog- 
ically considered,  is  recent.  Neither  in  the  Champlain  deposits, 
in  the  morainic  material  of  the  north,  nor  in  any  older  gravels 
have  undoubted  traces  of  man  been  discovered. 

The  actual  age  of  the  Trenton  gravel,  and  the  consequent  antiq- 
uity of  roan  in  the  Delaware,  cannot  be  determined  by  geological 
data  alone.  It  is  the  aim  of  this  paper  to  deGne  man's  antiquity  in 
relation  to  geological  rather  than  to  historical  events.  If,  in 
show^ing  that  the  period  of  the  Trenton  gravel  is  the  last  of  the 
geological  ages,  it  does  not  necessarily  follow  that  it  is  by  any 
means  recent ;  it  must  be  remembered,  on  the  other  hand,  that  its 
high  antiquity  is  not  proven  by  the  facts  thus  far  observed. 

The  conclusions  to  which  the  facts  seem  to  point  are  summarized 
as  follows : 

1.  That  the  Trenton  grarel,  the  only  gravel  in  wfiich  im- 
plements occur,  is  a  true  river  deposit  of  post-glacial  age,  and 
the  most  recent  of  all  the  gravels  of  the  Delaware  valley. 

2.  That  the  palaeoliths  found  in  it  really  belong  to  and  are  a  part 
of  the  gravel,  and  that  they  indicate  the  existence  of  man  in  a  rude 
state  at  a  time  when  the  flooded  river  flowed  on  top  of  this  gravel. 

3.  That  the  data  obtained  do  not  necessarily  prove,  geologi- 
cally considered,  a  vast  antiquity  of  man  in  Eastern  America. 
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Ancient  Mounds  of  Illinois.    By  William  McAdams  of 

Otterville,  lUiuois. 

The  State  of  Illinois,  especially  in  the  region  about  the  moath  of 
the  Illinois  and  Missouri  Rivers,  is  remarkably  rich  in  the  remains  of 
a  pre-historic  people.  In  a  radius  of  fifty  miles  from  the  months  of  the 
above-named  rivers  there  are  thousands  of  mounds,  representing  nearly 
every  variety  found  in  tlie  Union.  The  central  geographical  position 
and  great  natural  resources  of  this  region  donbtless  made  it  the  great 
centre  of  our  ancient  po[)ulation.  As  I  have  during  the  past  twenty- 
five  years  explored  a  considerable  number  of  mounds  in  the  ricinity 
designated  al)ove,  the  result  may  not  be  uninteresting. 

It  is  generally  believed  by  the  public,  or  used  to  be,  that  all  these 
mounds  of  earth  are  old  burial-places,  and  if  one  will  dig  down  to  the 
bottom  of  the  strncture  he  will  find  the  bones  of  a  haman  body,  and 
such  weapons  and  other  things  as  were  buried  with  it.  This  I  have 
not  found  to  be  so.  Many  of  you  will  no  doubt  be  surprised  to  hear 
me  state  that  I  have  dug  in  hundreds  of  mounds  in  this  State  without 
finding  a  single  tomahawk  or  stone  axe,  and  I  am  inclined  to  think 
that  some  of  the  mounds  were  constructed  for  other  purposes  than 
that  of  burial. 

There  is  in  this  region  a  peculiar  class  of  mounds  that  was  for  a 
long  time  a  puzzle  to  me.  They  are  usually  found  in  groups  of  from 
two  or  three  to  twenty  or  thirty,  and  even  more,  and  are  generally  on 
some  pleasant  knoll,  or  rising  ground,  in  the  vicinity  of  a  spring  or 
watercourse,  especially  in  the  vicinity  of  our  prairies  or  level  areas  of 
land.  These  mounds  are  from  one  to  three,  and,  in  a  few  instances,  even 
four  feet  in  height,  and  from  twenty  to  fifty  feet  in  diameter.  One 
mound  of  the  group  is  always  larger  than  the  rest,  and  always  occnpies 
the  commanding  position.  Sometimes  the  group  is  arranged  in  a 
circle ;  other  groups  have  no  apparent  design  in  arrangement.  Num- 
bers of  these  mounds  can  he  seen  in  the  cultivatcni  fields. 

Although  I  have  made  excavations  in  them,  and  dug  trenches  entirely 
through  them,  I  have  found  nothing  but  ashes,  charcoal,  decayed 
portions  of  the  bones  of  fishes  and  animals  partially  burned,  shells  from 
the  adjacent  streams,  flint  chippings,  and,  in  one  or  two  instances,  a 
flint  implement  of  a  rude  character. 

After  examining  many  of  these  structures  I  am  induced  to  believe 
that  they  are  possibly  the  remains  of  ancient  dwellings,  made  by 
placing  in  an  upright  position  the  trunks  of  young  trees  in  a  circle,  or 
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in  parallel  rows,  the  tops  of  the  poles  inclining  inward  and  fastened 
together,  the  whole  being  covered  with  earth  and  sod  to  form  a  roof,  or 
in  the  same  manner  as  many  Indian  tribes  make  their  mud  lodges,  as, 
for  instance,  the  Mandans  and  the  Omahas.  Such  a  structure,  after  being 
repaired  from  time  to  time  by  the  addition  of  more  earth  on  the  top, 
would  finally,  by  the  decay  of  the  poles,  fall  inward,  and  the  ruins 
would  form  a  slight  mound. 

Conant  and  Putnam  describe  such  mounds  in  Missouri  and  Tennes- 
see, some  of  the  largest  of  these  ancient  towns  being  provided  with 
streets  and  highways.  They  are  also  found  in  southern  Illinois,  Indi- 
ana, and  Ohio.  Putnam  has  described  an  enclosed  town  in  Tennes- 
see, in  which  were  many  low  mounds,  or  rather,  as  he  calls  them,  earth 
circles,  that  he  has  pretty  conclusively  shown  to  be  the  sites  of  the 
lodges  or  houses  of  the  people. 

In  this  vicinity  there  are. also  hundreds  of  burial  mounds,  and  among 
them  there  is  a  marked  difference,  and  they  have  been  made,  appa- 
rently, by  different  tribes  or  peoples,  who  have  succeeded  one  another 
as  occupants  of  the  locality.  The  oldest  of  these  are,  perhaps,  the 
simple  mounds  of  earth,  one  to  four  feet  in  height,  and  twenty  to  thirty 
feet  in  diameter,  measuring  across  the  top. 

These  old  mounds  are  as  firm  and  compact  as  the  undisturbed  sub- 
soil, and  might  not  be  considered  artificial  if  it  were  not  for  the 
occasional  finding  of  a  tooth  or  a  portion  of  decayed  human  bone. 
Sometimes  nothing  is  found  at  all,  except  the  discolored  earth  where 
ages  ago  a  human  body  once  lay. 

Another  kind  of  burial  mound  more  numerous,  and  generally  much 
larger,  is  oval  or  egg-shaped.  These  are  mostly  found  near  the  river 
bluffs.  A  large  mound  of  this  class  is  situated  on  the  farm  of  S.  P. 
Dinsmore,  two  miles  from  the  mouth  of  the  Illinois  River.  It  is  one 
of  a  group  of  a  dozen  on  the  top  of  a  sharp  ridge,  and  is  a  conspicuous 
landraaik.  The  top  of  the  mound  measures  one  hundred  feet  in 
length,  and  fifteen  in  width,  and  has  a  steep  slope  from  the  sides  and 
end^  to  the  base.  It  is  about  sixteen  feet  high.  This  mound  was  in 
a  most  perfect  state  of  preservation  until  some  two  years  ago,  when 
Mr.  Dinsmore  invited  me  to  be  present  at  its  examination.  Using 
ploughs  and  road-scrapers,  some  two  feet  or  more  of  the  entire  surface 
of  the  mound  was  taken  off,  when  a  number  of  human  skeletons  were 
revealed  in  a  tolerable  slate  of  preservation,  due  no  doubt  to  the 
peculiar  character  of  the  surrounding  earth,  together  with  the  favor- 
able position  of  the  mound. 
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Near  the  head  of  one  of  the  skeletons,  at  the  western  end  of  the 
mound,  was  found  a  large  Kea-shell,  fashioned  into  a  neat  vessel.  la 
this  vessel  were  a  number  of  bone  instruments  made  from  the  lejf- 
bones  of  birds,  —  probably  the  wild  turkey.  Each  one  of  these  bone 
implements  had  near  its  middle  a  spur  larger  than  that  of  a  chicken. 
About  the  neck  of  the  skeleton  were  a  number  of  small  seu-shells,  each 
of  which  was  perforated,  and  they  evidently  had  once  formed  a  neck- 
lace. The  skull  of  the  skeleton  we  carefully  pi*e8eryed,  and  I  have 
since  given  it  to  the  Cambridge  Museum. 

At  the  western  end  of  the  mound,  a  few  feet  below  tlie  surface, 
another  skeleton  was  found,  with  several  implements  of  bone,  a  flint 
knife,  a  rude  pipe,  a  large  plate  of  mica,  nearly  ten  inches  square,  and 
half  an  inch  in  thickness;  also  several  pieces  of  lead  ore,  from  one  to 
six  pounds  in  weight.  One  of  the  pieces  of  ore  had  been  worked  with 
smooth  faces,  apparently  for  an  ornament.  We  have  no  evidenoe  as 
yet  that  the  mound-builders,  or  ancient  inhabitants,  had  any  knowl* 
edge  of  smelting  ores. 

An  excavation  near  the  middle  of  the  mound,  at  the  depth  of  fifteen 
feet,  disclosed  a  basin  of  hard-burned  clay,  in  which  were  dry  ashes 
and  the  remains  of  another  human  skeleton,  with  implements  of  bone, 
and  a  large  number  of  small  perforated  sea-shells,  similar  to  those 
found  near  the  top  of  the  mound. 

Another  mound,  a  few  hundred  yards  distant,  was  also  examined. 
It  was  nearly  conical  in  shape,  ten  feet  high,  and  some  thirty  feet  in 
diameter  at  the  base.  An  excavation  was  carrieii  down  from  the 
centre,  and  at  the  depth  of  eight  feet  a  hard  basin  of  clay  was  reached, 
and  in  the  ashes  was  another  curious  vessel,  made  fix>m  an  immense 
sea-shell.  In  the  shell  were  portions  of  [>artially  burned  human  bones 
mingled  with  ashes.  This  shell  around  its  largest  part  measures  not 
far  from  thirty  inches. 

From  a  number  of  other  mounds  of  this  kind  in  the  county  I  have 
taken  soa-shells,  pipes,  copper,  and  stone  ornaments,  but  seldom  any 
kind  of  a  flint  implement  or  weapon.  Occasionally,  an  arrow  point  of 
rude  manufacture  is  found  with  the  remains,  but  in  such  ciises  I  am 
inclined  to  believe  they  were  in  the  body,  and  perhaps  the  cause  of 
death.  There  are  a  great  many  mounds  of  this  character  in  Calhonn 
County.  Nearly  all  of  them  contain  sea-shells,  rude  pipes,  and  bone 
implements. 

There  are  considerable  numbers  of  a  peculiar  kind  of  Imrial  monnd, 
differing  but  little  fix)m  those  just  descril)ed,  that  also  seem  to  have 
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been  used  for  purposes  of  cremation.  An  altar  or  basin  of  clay  was 
made  on  the  surface  of  the  ground,  raised,  in  most  instances,  a  couple 
of  feet  or  more.  This  basin  was  sometimes  round,  and  five  or  six  feet 
in  diameter ;  in  other  instances,  it  was  elongated,  and  from  ten  to 
thirty  or  forty  feet  long.  In  this  basin  the  body  or  bodies  were 
placed,  and,  after  being  covered  with  combustible  substances,  the 
whole  was  burned,  and  when  it  had  coole<l,  some  of  the  ornaments  of 
the  deceased,  with  his  pipe,  were  placed  on  the  ashes.  A  large 
mound  was  then  erected  over  the  remains. 

Sometimes  the  remains,  consisting  of  the  calcined  bones,  were  placed 
in  a  large  sea-shell ;  at  other  times,  they  were  left  on  the  ashes,  and  in 
two  instances  I  have  found  such  remains  in  large  turtle-shells. 

These  cremation  mounds  are  sometimes  wholly  of  earth  and  some- 
times partly  of  stone.  One  large  mound  of  this  kind,  near  the  mouth 
of  the  Illinois  River,  is  largely  composed  of  stones  mingled  with  earth. 
The  mound  seems  to  have  been  built  up  gradually  by  the  cremation 
and  burial  of  many  bodies  until  the  structure  was  finished.  The  altars, 
made  of  flat  stones,  lie  one  above  another.  Possibly  this  mound  was 
used  by  a  tribe  or  large  family,  on  which  they  burned  and  buried  their 
dead  for  (generations. 

Evidences  in  connection  with  some  of  these  mounds  have  led  me  to 
believe  tliat  funeral  rites  of  the  most  horrid  description  might  have 
been  sometimes  practised.  On  oi>ening  a  large  earth  mound  in  Cal- 
houn County,  I  came  upon  the  raised  basin  or  altar  in  the  centre, 
which  showed  unusual  care  in  its  erection,  it  l)eiiig  ornamented,  ap- 
pareiiily,  with  brilliant  sheets  of  mica.  The  altar  was  burned  uejirly 
as  hard  as  brick,  and  was  filled  with  ashes,  in  which  was  a  curious 
shell  vessel  containing  ashes  and  partially  burne<l  pieces  of  human 
bones.  On  the  a«lies  beside  the  vessel  were  a  primitive  pipe  and  some 
curious  ornaments  of  stone.  While  I  was  examining;  these  strange 
relics  with  an  antiquarian's  interest  and  delight,  my  companion,  who 
ha*!  continued  ihe  excavation,  came  upon  a  second  circle  of  burnetl 
clay,  lower  down,  and  surrounding  the  first  altar.  When  this  seamd 
structure  was  laid  bare,  the  fact  was  revealed  that  a  number  of  bodies 
had  been  burned  u{)on  it.  No  ornament  of  any  kind  was  found  on  the 
lower  circle.  After  a  season  of  thought  we  were  constrained  to  be- 
lieve that,  possibly,  we  had  opened  the  tomb  of  some  ancient  savage 
ruler,  whose  funeral  obsecjuies  had  been  celebrated  with  great  cere- 
mony ;  and  when  his  body  was  cremated  on  the  altar  of  clay,  human 
sacrifices  were  also  made,  that  his  servants  might  accompany  him  to 
the  happy  hunting-grouuds  iu  the  realms  of  the  sun. 
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It  is  thought  by  some  that  the  later  Indians  or  Red  Men,  with 
whom  the  whites  came  in  contact,  sometimes  erected  small  moonds, 
but  the  custom  certainly  was  not  general  among  them,  and  there  are 
few  well-authenticated  aacounts  of  white  men  ever  actaally  seeing  the 
modem  Indians  erecting  a  mound,  either  over  their  dead  or  for  other  pur- 
poses. Yet  there  are  very  many  burial-places  in  this  vicinity  that  might 
be  ascribed  to  the  later  Indians.  Their  favorite  and  common  places 
of  burial  were,  no  doubt,  the  high  points  along  the  river  blufTs,  —  nat- 
ural mounds  in  the  soft,  marly  earth,  in  which  it  was  easy  to  dig  their 
shallow  graves.  The  pioneer  white  settlers  state  that  the  Indians 
sometimes  brought  their  dead  from  distant  points  to  bary  them  on 
some  favorite  prominence.  Sometimes  in  ploughing  these  knolU,  at 
the  present  day,  the  remains  are  exposed,  so  shallow  have  they  been 
buried,  and  there  is  no  doubt  that  mounds  already  made  were  often 
used  as  burial  places  by  the  modern  Indian.  There  is,  in  fact^  aearoelj 
a  mound  near  the  mouth  of  the  Illinois  River  but  what,  if  you  at- 
tempt its  exploration,  the  very  first  time,  perhaps,  the  spade  ii  sunk 
in  the  soft  loess,  you  will  have  evidence  of  an  intrusiv<ft  borial,  and 
one  is  almost  startled  to  turn  out  suddenly  a  smooth,  well-presen'ed 
Indian  cranium ;  and  you  have  to  dig  some  distance  below  the  in- 
trusive burial  to  find  the  ancient  and  primary  deposit  over  which 
the  mound  was  built;  and  one  is  sometimes  greatly  surpris^ed,  if  he 
should  be  so  fortunate  as  to  find  a  skull  at  the  base  of  the  mound,  to 
see  how  different  it  is  from  the  one  first  discovered. 

Sepulchral  mounds,  such  as  were  made  by  the  people  wIk)  erected 
tlie  great  mounds  and  earthworks  of  Ohio  and  elsewhere,  are  also 
found  in  this  vicinity.  There  are  a  few  in  the  low  lauds  of  Calhoun, 
Grecti,  Scott,  and  Pike  Counties,  and  across  the  river  in  St.  Charles 
County,  Mo.,  but  in  the  Ameiicaii  Bottom,  opposite  the  mouth  of  the 
Missouri  River,  below  Alton,  they  are  numerous,  and  of  the  grandest 
proportions. 

One  which  I  measured,  three  miles  from  East  St.  Louis,  is  forty 
feet  in  height  and  seventy  yards  long  at  the  base.  It  is  quite  perfect, 
and  at  a  distance  resembles  a  huge  rick  of  hay.  In  some  of  the  lai^ 
fields  in  this  vicinity  dozens  of  them  can  be  seen  like  ricks  of  hay  in  a 
meadow. 

One  large  mound  of  this  description,  but  different  in  shape  at  the 
base,  lijis  been  nearly  removed  by  the  Chicago,  Alton,  &  St.  Louis 
and  other  railways  at  a  station  called  Mitchel,  on  Long  Lake,  ten 
miles  this  side  of  St.  Louis.     The  mound  was  a  hundred  paces  long. 
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very  nearly  a8  wide,  and  between  thirty  and  forty  feet  in  height. 
Several  railroad  tracks  go  through  either  side,  and  ouly  a  portion  of 
the  centre,  from  north  to  south,  remains,  giving  the  investigator  a  fine 
opportunity  to  determine  from  its  homogeneous  structure  its  artificial 
origin.  Many  curious  and  interesting  relics,  once  the  property  of  the 
aucient  builders,  were  taken  fi*om  this  mound  by  Uie  workmen,  and 
are  now  in  my  possession.  Near  the  base  of  this  mound  the  work- 
men citme  upon  a  skeleton  with  a  wrapping  of  matting  made  from 
woven  grass.  With  the  body  had  been  interred  a  large  number  of 
copper  implements  and  ornaments.  The  copper  had  preserved  por- 
tions of  the  matting,  together  with  portions  of  the  head  of  a  buffalo, 
including  the  teeth.  This  b  the  first  instance,  I  believe,  on  record, 
in  which  the  remains  of  a  buffalo  have  been  found  in  an  ancient 
mound. 

Mounds,  such  as  here  described,  iu  the  American  Bottom  and  in  the 
low  lands  of  Illinois,  are  seldom,  if  ever,  found  on  the  bluffs.  On  the 
rich  bottom  lauds  of  the  Illinois  River,  within  fifty  miles  of  its  mouth, 
I  have  seen  great  numbers  of  them,  and  examined  several.  The  peo- 
ple who  built  them  were  probably  connected  with  the  Ohio  mound- 
builders,  although  in  this  vicinity  they  seem  not  to  have  made  many 
earthen  embankments,  or  walls,  enclosing  areas  of  land  as  is  common 
in  Ohio.  Their  manner  of  burial  was  similar  to  the  Ohio  mound-build- 
ers, however,  and  in  this  particular  they  had  customs  similar  to  the 
mound-builders  of  Europe. 

Many  of  these  mounds  have  yielded  the  richest  relics,  some  of  which 
are  very  peculiar,  and  are  calculated  to  throw  great  light  on  the  man- 
ners and  customs  of  that  ancient  people.  Implements  of  stone  and 
copper  are  very  common  in  the  mound-builder  mounds  of  the  West. 
Those  of  Illinois  differ  but  little  from  those  of  Ohio,  and  I  shall  not 
enter  into  any  description  of  them  in  detail  excepting  the  pipes,  of 
which,  in  Illinois,  we  have  three  distinct  types.  Those  peculiar  pipes, 
with  the  crescent  base,  and  characteristic  of  the  mound-builders,  are 
fouiKi  in  this  vicinity  in  great  perfection.  In  fact,  some  of  the  finest 
mound-builder  pipes  we  have  ever  seen  have  been  taken  from  mounds 
in  Illinois. 

Among  all  the  ancient  relics  the  pipe  seems  to  indicate  best  the 
former  condition  of  its  owner.  That  peculiar  people  who  built  the 
earth  works  and  the  great  mounds  disclosed  a  higher  taste  and  a  much 
greater  skill  in  the  manufacture  of  their  pipes  tlian  any  other  pre- 
historic people  of  this  country.      They  had  great  genius  for  d«liu- 
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eation,  and,  with  wonderful  patience  and  skill,  carved  from  ToA 
imitations  of  animals  and  birds  and  other  objects  of  nature,  which, 
when  finished,  served  them  for  a  pipe. 

The  mound-builders'  pipes  were  mostly  made  from  catliutte,  which 
is  not  a  very  hard  rock.  I  have  never  seen  a  pipe  made  from  porphyry 
or  any  of  the  varieties  of  granite.  It  is  probable  that  a  rock  faarda 
than  limestone  was  seldom  used  for  the  manufacture  of  pipes. 

There  is  another  class  of  mounds,  of  which  we  have  Dumbers.  They 
are  generally  situated  on  the  elevated  bank  of  some  lake  or  stream, 
and  are  usually  not  more  than  a  foot  or  two  al>ove  the  sarrouiKling 
level.  In  some  of  these  burial  places  no  elevation  is  perceptible,  and 
they  are  simply  cemeteries,  where  hundreds  of  persons  were  buried  so 
close  together  that  graves  made  previously  have  been  intruded  upon. 

I  call  them  pottery-mounds  from  the  fact  that  in  nearly  all  the 
graves  vessels  of  pottery  have  been  deposited.  It  seems  to  have  been 
the  custom  of  this  people  to  deposit,  in  the  grave  with  their  dead,  <mt 
and  oftentimes  two  earthen  vessels,  one  containing  food  and  the  other 
liquid,  probably  water. 

Nearly  all  the  food  vessels  contain  one  or  two  valves  of  a  shell, 
UniOy  together  with  a  dark  mould.  In  the  mould  in  the  bottom  of 
these  vessels  I  have  found  carbonized  corn.  Many  of  these  earthen 
vessels  are  nicely  made,  and  indicate  a  high  degree  of  knowledge  of 
the  ceramic  art,  as  well  as  the  imitative  genius  of  that  people. 

As  the  mound-builder  imitated  nature  in  his  pipes,  so  the  pottery- 
maker  copied  after  nature  in  the  manufacture  of  his  earthen  vessels, 
which  were  shaped  to  represent  birds,  beasts,  fish,  human  beings,  and 
many  other  objects  that  happened  to  strike  his  fancy.  Some  of  these 
vessels  are  made  to  represent  objects  with  great  fidelity;  while  others, 
especially  of  the  human  form,  are  ridiculous  caricatures.  Some  time 
ago,  while  exploring  in  one  of  these  mounds,  I  suddenly  came  upon  a 
huge  tortoise,  which  I  sent  with  some  force  from  the  shovel,  and 
unfortunately  it  struck  a  tree,  and  broke  into  fragments,  and  revealed 
our  great  loss.  The  tortoise  was  a  perfect  gem  of  ceramic  art.  In 
the  same  mound  I  came  near  casting  to  one  side  the  valve  of  a  shell, 
which  proved  to  be  a  perfect  and  beautiful  piece  of  earthenware.  . 

Some  of  the  long-necked  water-bottles  from  the  pottery  mounds 
strongly  resemble  in  shape  those  of  ancient  £gypt,  while  others  ra- 
semble  the  ancient  water-vessels  of  Peru.  These  earthen  vessels  are 
made  of  a  compound  of  which  clay  is  the  principal  part,  and  appear 
to  have  been  baked  or  hardened  by  fire.     We  have  seen  some  of  these 
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vessels  that  still  show  traces  of  bright-colored  pigments,  with  which 
they  bad  beeQ  painted.  Other  vessels  are  orDamented  with  scroll 
work  and  lines  arranged  with  taste. 

The  pottery-makers,  like  the  mound-builders,  were  evidently 
great  smokers;  but  they  made  their  pipes  in  a  different  8haf)e.  I 
have  yet  to  see  a  single  pipe  from  a  pottery  mound  with  the  curved 
base  forming  the  mouthpiece  so  characteristic  of  the  mound-builder. 
The  pipes  found  with  the  pottery  are  almost  invariably  made  for  the 
insertion  of  a  stem ;  the  hole  for  which  is  funnel-shaped,  like  that  of 
the  bowl  for  the  tobacco. 

Some  of  these  pipes  are  of  large  size,  and  look  more  like  idols  or 
heathen  images  than  pipes  for  smoking.  I  have  two  curious  pipes  of 
this  kind  that  represent  human  beings  of  hideous  countenance,  and 
holding  up  before  them  a  perfect  representation  of  one  of  their  char- 
acteristic vessels.  The  vessels  form  the  bowl  of  the  pipe,  while  the 
place  for  the  insertion  of  the  stem  is  in  the  back  of  the  image.  Put- 
nam figures  a  pipe  of  this  same  design,  cut  out  of  steatite,  from  a 
mound  in  Tennessee. 

The  pipes  from  the  pottery -mounds  are  generally  made  of  stone, 
the  majority  of  them  being  catlinite.  I  have  them  also  made  of  lime- 
stone, sandstone,  and  clay. 

The  third  type  of  pipes  which  I  recognize  are  those  commonly  used 
by  our  modem  red  men.  In  this  pipe  the  hole  for  the  insertion  of 
the  stem,  instead  of  being  funnel-shaped  like  the  pottery-maker's 
pipes,  is  generally  a  cylindrical  hole,  of  uniform  size  its  whole  length. 

Another  class  of  mounds  of  an  exceedingly  interesting  character 
have  been  called  "  Temple  Mounds,"  and  are  distinguished  by  their 
great  regularity  and  generally  large  dimensions.  They  are  chiefly 
pyramidal  structures,  truncated,  and  generally  have  graded  avenues 
to  their  tops.  In  some  instances  they  are  terraced.  But,  whatever 
their  form,  —  whether  round,  oval,  square,  or  octangular,  —  they 
have  invariably  flat  or  level  tops.  Antiquarians  generally  agree  in 
believing  that  the  summits  of  these  structures  were  crowned  with 
temples,  which  were  constructed  of  wood  and  perishable  materials. 

The  best  representative  of  this  class  of  structures  on  this  continent 
is  to  be  seen  in  the  stupendous  mound  on  the  bank  of  the  Cahokia 
Creek,  four  miles  from  the  bridge  approach  in  East  St.  Louis.  This 
great  work  has  been  often  described,  and  I  need  only  allude  to  it  in 
this  connection.* 

*  For  a  recent  account  and  figure,  see  Putnam,  12th  Report  Peabody  Ma- 
seum,  p.  470. 
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There  is  still  another  class  of  mounds,  found  in  the  American  bot- 
tom, and  elsewhere  in  the  rich  alluvial  bottoms  (Tf  the  Mississippi,  m 
well  as  occasionally  in  Ohio.  Thej  are  called  platform  mounds,  and 
are  usually  square  in  shape,  with  a  level  surface,  and  from  two  to 
thirty  or  forty  feet  in  hei^^ht.  They  are  more  numerous  and  of  larger 
proportions  in  the  American  bottom,  opposite  the  mouth  of  the  Mis- 
souri River.  From  the  elevated  position  on  the  top  of  the  great 
temple  mound  on  the  Cahokia  Creek,  many  of  the  sqnare  platforms 
can  be  seen ;  some  of  them  quite  near  the  base  of  the  great  moond, 
others  far  out  on  the  plain.  ^Numbers  of  these  platforms  are  utiliied 
by  the  people  in  the  American  bottom  for  building  sites,  for  whidi 
purpose  they  answer  excellently. 

In  excavating  in  these  platform  mounds  for  cellars,  wells,  founda- 
tion walls,  etc.,  great  quantities  of  curious  relics  of  human  handiwork 
are  met  with,  showing  they  certainly  were  used  for  sepulchral  pur- 
poses ;  yet  some  arclneologists  are  of  the  opinion  that  the  broad,  level 
tops  of  these  mounds  were  used  for  other  purposes. 

In  addition  to  the  difiPerent  kinds  of  mounds  described,  we  probably 
have  some  others  in  this  section,  such  as  signal  mounds  and  treaty 
mounds ;  but  they  have  as  yet  yielded  little  or  nothing  o£  interest. 
The  subject  is  not  by  any  means  exhausted ;  and,  as  I  propose  to 
continue  my  explorations,  something  more  of  interest  may  be  found. 

There  are,  in  various  parts  of  the  United  States,  extensive  earth- 
works, consisting  generally  of  walls  of  clay  enclosing  considerable 
areas  of  land.  In  Ohio,  Kentucky,  Indiana,  Illinois,  and  Missouri 
they  abound ;  and  they  are  met  with  in  Wisconsin,  and  still  farther 
west. 

It  is  a  little  singular,  that,  although  the  Great  American  Bottom 
contains  sucli  a  grand  array,  both  in  size  and  number,  of  the  ancient 
mounds,  I  know  of  but  a  single  embankment  or  enclosure  ;  and  that 
was  discovered  a  short  time  ago  in  the  county  of  Calhoun,  111.,  near 
the  mouth  of  the  Illinois  liiver. 
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McAdams,  of  Otierville,  111. 

Among  the  most  interesting  relics  of  ancient  people,  who   in  the 
past  inhabited  this  continent,  are  their  implements  used  in  agriculture. 
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They  tilled  the  soil,  and  no  doubt  raised  considerable  qaantities  of  com 
and  vegetables. 

In  the  great  alluvial  bottoms,  and  on  the  rich  soil  of  the  prairie  ad- 
jacent to  the  streams,  in  a  region  near  the  mouths  of  the  Missouri  and 
Illinois  Rivers,  many  of  these  implements  are  found,  showing  that  in 
prehistoric  times  the  cultivation  of  the  soil  was  carried  on  to  a  con- 
siderable extent. 

These  implements  are  generally  made  of  stone  of  a  silicious  charac- 
ter, which  is  found  in  the  vicinity.  They  are  mostly  of  a  red  or  brown, 
color,  but  we  have  seen  some  very  fine  specimens  of  perfectly  white 
chert.  They  are  usually  ovoid  in  shape,  and  sharp  at  the  broader 
end,  which  is  generally  polished  by  long  use  and  attrition  with  the 
soil.  Their  usual  length  is  from  eight  to  ten  inches.  We  have  speci- 
mens twelve  to  fourteen  inches  long  and  six  inches  broad.  They 
range  from  one  half  to  one  inch  in  thickness.  Some  of  these  imple- 
ments taper  gradually  from  the  broad  cutting  edge,  while  others  have 
deep  lateral  notches  opposite  the  working  edge,  and  form  perfect 
hoes.  These  were  apparently  fastened  to  handles,  and  formed  effective 
implements,  similar  to  our  modem  hoe.  Others  were  plainly  intended 
to  be  fastened  to  handles  in  a  similar  manner  to  our  spades  and 
shovels.  Others  still  were  probably  fastened  to  some  sort  of  frame  or 
stock,  as  the  peculiar  way  in  which  these  stones  are  worn  shows  that 
they  were  held  in  the  manner  of  a  plough,  and  pulled  through  the 
ground.  This,  without  doubt,  was  our  prehistoric  plough ;  and,  as 
we  have  no  evidence  that  any  domestic  animals  were  used  in  this  con- 
nection, it  is  probable  that  the  implement  was  pulled  by  two  persons, 
and  guided  from  behind  by  a  third. 

This  mode  of  cultivating  crops  on  the  rich,  sandy,  alluvial  soils  of 
this  region  would  have  been  much  more  speedy  and  eflfec^tual  than  the 
hoe,  and  doubtless  was  practised  by  the  ancient  mound-builders  and 
pot  te  ry-m  akers. 

While  we  seem  to  have  made  no  discovery  as  yet  that  these  ancient 
people  domesticated  the  buffalo,  yet  we  have  nothing  to  actually  prove 
the  contrary.  That  they  were  acquainted  with  the  buffalo  we  have  no 
doubt.  In  one  of  the  large  mounds  in  the  Great  American  Bottom,  at 
tlie  depth  of  nearly  forty  feet,  we  found  the  skull  of  a  buffalo.  The 
teeth  were  perfect,  having  been  preserved  by  being  in  contact  with  a 
number  of  copper  implements,  belonging,  apparently,  to  the  age  of  the 
old  mound-builders.  In  two  other  instances  we  have  found  in  large 
mounds  the  hair  and  skin  of  the  buffalo  preserved  by  being  in  contact 
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with  copper.  The  majority  of  these  aDcient  implements  of  husbMidfj 
are  made  after  defitiite  patterns,  each  variety  or  kind  to  be  used  lor 
special  purposes  being  similar.  Of  six  of  the  deeply  Qotclied  hoe^ 
from  different  localities,  one  could  discern  little  difference  cxcepUiig 
in  size.  The  broad  edged  spades,  the  oval  shovels,  aiid  the  ploi^iis 
have  apparently  been  made  after  certain  patterns,  the  form  of  whioh 
was  followed  with  great  faithfulness. 

That  such  neat  and  etiicient  implements  should  have  been  made  of 
such  obdurate  material  as  flint  and  jasper  shows  no  iiioonsiderable 
skill.  These  stone  implements  are  generally  fouml  in  our  cultivated 
fields,  where  they  have  been  turned  up  by  the  plough*  On  sevenl 
occasions,  however,  we  have  found  them  in  the  graves  of  the  aiicieBt 
IKJttery-makers.  From  one  of  these  burial-places  in  St.  Charks 
County,  Mo.,  I  recovered  two  quite  perfect  earthen  vessels,  one  of 
which  had  evidently,  from  Its  shape,  been  used  to  hold  a  liquid.  In 
the  other  was  a  mussel  shell,  Um'o,  and  some  black  mould,  in  which 
were  carbonized  grains  of  corn.  Near  the  vessels  was  a  pipe  charac- 
teristic of  the  pottery-makers,  and  a  nicely  finished  spade,  such  as  we 
have  described.  That  the  mound-builders  made  and  used  agricnltural 
implements  of  stone  is  highly  probable,  but  we  have  not  found  them 
in  their  mounds.  I'he  fact  of  the  finding  of  several  of  these  imple- 
ments in  the  later  pottery-makers*  graves  seems  to  point  to  them  as 
the  manufacturers. 


A  Stone  Implkment  from  a  Well  in  Illinois.     By  William 

McAdams  of  Otterville,  Illinois. 

Last  year  an  old  gentleman  from  Green  County,  111.,  came  to 
my  house  and  told  a  curious  story  of  the  finding  of  a  stone  axe  in  the 
base  of  the  drift  while  digging  a  well.  It  seems  that,  during  the  dry 
weather  in  the  fall,  Mr.  Abraham  Young  undertook  to  dig  a  well  on 
his  farm,  and  near  his  residence. 

At  the  depth  of  seventy-two  feet  the  rock  in  place  was  reached,  and 
in  cleaning  off  this,  preparatory  to  blasting,  the  axe  in  question  was 
found.  Thinking  from  the  character  of  the  parties,  who  are  weU^to- 
do  farmers,  and  known  to  me,  that  possibly  there  might  be  some  truth 
in  the  matter,  I  visited  the  locality,  obtained  the  relic,  and  the  fallow- 
ing information  in  relation  to  its  discovery  :  Four  wells  have  been  dug  at 
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different  times  in  fruitless  search  for  water.  The  depth  of  these  wells 
is  given  as  from  thirty  to  seventy-two  feet  The  one  in  which  the  axe 
is  claimeil  to  have  been  found  is  seventy-two  feet  in  depth.  I  examined 
the  earth  thrown  out  from  the  well,  and  could  easily  see  that  it  was 
almost  entirely  loess.  Just  before  the  bottom  of  the  well,  or  rock, 
was  reached,  the  loess  assumed  more  of  a  clayey  character,  and  con- 
tained angular  fragments  of  chert,  not  apparently  water-worn.  Lying 
on  the  surface  of  the  rock,  covered  with  clay  and  fragments  of  chert, 
the  axe  is  claimed  to  have  been  found. 

The  finders  of  the  relic  seemed  not  to  have  much  interest  in  the 
matter,  and  would  receive  no  compensation  for  it,  and  when  I  wrote 
out  a  statement  of  the  time  and  manner  of  the  discovery  they  signed 
it  without  hesitation,  and  apparently  in  good  faith.  Afterwards  they 
went  of  their  own  accord  before  a  justice,  and  made  the  following 
affidavit :  — 

Gebbi  Gouimr,  III.,  Feb.  1, 1880. 

Belt  known  by  Uiete  prefenta  thMt  J.  R.  Cmde,  A.  B.  Toang,  DftTkl  Matcsoo,  and  Rowel  Hun- 
nlcntt,  alt  of  Walkerrille  Townnhip,  County  of  Oreen,  State  of  lUinoU,  appeared  before  me,  John 
Painter,  a  Jostieeof  the  Peace  In  Oreen  County,  III.,  and.  after  being  duly  ewom,  laid  partiet 
»tate  that  on  or  about  the  20th  of  May,  1879,  while  enga^  In  digging  a  well  on  the  &nn  of  A.  B. 
Young,  in  Qreen  County,  111.,  at  the  depth  of  seTenty-two  feet,  J.  R.  Cade  found,  while  digging,  an 
andent  stone  axe,  which  waa  raieed  fh»ra  aald  well  by  A.  B.  Young  and  Darld  Mateeon,  tnd  pre- 
■erred  for  curiosity. 

Rowel  Hunnlcutt  states  that  he  was  present  a  short  time  after  said  diseoTery,and  measured  tha 

depth  of  the  well  and  found  it  to  be  about  Mrenty-two  ftet  to  where  the  axe  was  found,  and  that 

be  took  said  axe  in  his  poaseesion  and  placed  the  same  in  possession  of  one  William  McAdams,  of 

Jersey  County,  IlL 

Signed,       J.  R.  Cadb, 

A.  B.  YowQf 

Datid  Matbsox, 

Rowel  Uuxkioutt. 


Snbsoribed  and  sworn  to  befor«  me  this  1st  day  of  Febmary,  1880. 


JoH9  PAormt  J.  P. 


I  examined  the  well  closely,  to  see  if  by  any  possible  means  the  axe 
could  have  fallen  in  from  the  top  while  they  were  at  work,  but,  from 
the  very  top  down,  the  excavation  was  as  smooth  and  almost  as  hard 
as  a  cemented  cistern  ;  and  the  discoverer  of  the  relic  says  he  found  it 
covered  with  the  hard,  undisturbed  clay  on  the  rock. 

I  am  inclined  to  believe  they  found  the  axe  as  stated. 

I  asked  the  men  how  they  supposed  the  axe  came  to  be  in  that  posi- 
tion, and  one  of  them  replied  that  he  could  think  of  only  one  ix)ssible 
way  by  which  its  presence  could  be  accounted  for  where  they  found  it : 
"  Some  half-mile  north  of  the  well  was  a  sink  hole ;  possibly  the  axe 
might  have  been  washed  into  this,  and  conveyed  by  some  channel  or 
watercourse  to  where  it  was  found." 

▲.  A.  A.  8.,  VOL.  XXIX.  ^^ 
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Prehistoric  Altars  op  Whitesides   County,  Ii.linois.     Bjr 

W.  C.  IIoLBROOK,  of  Coleta,  IlL 

Four  structures  known  as  altars  have  been  found  in  Whitesides 
County ;  two  on  tlie  north  bank  of  Rock  River,  near  Sterling,  and 
two  near  Rock  Creek,  in  Clyde.  The  former  were  each  situated  near 
groups  of  burial  mounds,  while  the  latter  were  at  least  three  miles 
distant  from  any  prehistoric  works. 

These  altars  were  built  of  flat  limestones  carefully  fitted  together. 
The  edges  of  some  of  the  pieces  had  been  dressed  or  chipped  off; 
but  no  cement  was  used.  Their  form  was  either  that  of  a  circle  or  an 
ellipse.  One  in  Carroll  County  was,  I  am  told,  a  crescent  like  the 
moon  when  about  eight  days  old ;  but  no  rectangular  structure  has 
ever  been  found. 

Altar  Number  One  was  found  on  the  top  of  a  low,  flat  mound  ;  one 
of  the  group  of  burial  mounds  on  the  bank  of  the  river,  near  the 
Catholic  cemetery  of  Sterling.  It  was  covered  with  vegetable  mould 
and  sod.  Form,  an  ellipse ;  diameters,  four  and  one  half  and  six  feet. 
Height,  including  mound,  about  three  feet.  Height  of  stone  work^ 
eighteen  inches.  Four  layers  of  stone  so  fitted  together  that  each 
layer  **  broke  joints.*'  The  upper  layer  was  reddened  and  crumbled 
by  the  heat  of  many  fires.  In  the  charcoal  on  and  around  this  altar 
were  found  charred  fragments  of  bones.  Every  one  that  could  be 
identified  was  found  to  be  some  portion  of  a  human  skeleton.  Some 
of  the  long  bones  —  the  femur  and  the  humerus  —  had  been  broken 
and  split  into  small  pieces.  In  the  burial  mounds  near  this  altar  I 
found  small  fragments  of  burned  rock,  as  if  fire  from  this  sacred 
place  had  been  thrown  on  the  dead  during  the  rites  of  burial.  There 
was  no  evidence  of  cremation  found  in  the  burial  mounds :  none  of 
the  bones  were  charred.  The  altar  mound  was  the  most  easterly 
mound  of  the  group. 

Altar  Number  Two  was  found  by  workmen  while  grading  the 
western  part  of  the  race  track  of  the  Sterling  fair  grounds.  The 
stone  structure  was  composed  of  one  layer  of  large  flat  stones,  and 
was  in  the  form  of  a  circle,  about  twelve  feet  in  diameter.  It  was 
buried  about  two  feet  below  the  present  surface  of  the  soil,  and  its 
position  was  not  marked  by  a  mound  or  embankment  The  soil  above 
it  was  a  sedimentary  deposit  of  river  sand  and  mud.  Like  Number 
One,  it  is  east  of  a  group  of  burial  mounds.      This  group  and  its 
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altar  appear  to  have  been  on  an  island  in  Rock  River  in  prehistoric 
times ;  bat  the  north  channel  is  filled  np,  and  the  ancient  island,  like 
its  inhabitants,  has  long  since  ceased  to  exist.  Under  this  altar  was 
found  the  decomposed  skeletons  of  ^ve  adult  persons.  They  were 
buried  with  heads  together  at  the  centre,  and  feet  at  the  circumference, 
and  equidistant,  like  the  spokes  of  a  carrirtge  wheel.  All  were  buried 
snpine.  One  of  the  skulls  was  pierced  with  a  small  sharp  arrow- 
point, —  a  red  chert  point,  such  as  are  quite  common  in  this  locality. 
These  bones  were  very  brittle ;  and  some  were  of  a  purplish  color, 
like  those  described  in  Orflia's  "  Exhumations  Juridiques "  (vol.  i. 
p.  350).  Adjoining  this  altar  on  the  west  was  found  a  large  quantity 
of  human  bones,  —  the  greatest  number  of  persons  I  have  ever  found 
buried  in  one  place.  The  bodies  had  been  thrown  into  a  deep  pit  in 
a  promiscuous  manner.  In  one  burial  mound  of  this  group  I  found 
fragments  of  burned  rock,  and  two  stone  knives  that  had  been  red- 
dened by  fire,  also  implements  made  of  the  prongs  of  antlers  of  deer, 
and  a  few  fragments  of  rude  pottery. 

Altars  Numbers  Three  and  Four  were  found  about  four  rods  apart, 
northwest  and  southeast,  in  the  centre  of  a  broad  valley  on  Rock 
Creek,  one  of  the  tributaries  of  Rock  River.  They  were  alike  in  all 
respects.  Both  were  circular  in  form,  about  six  feet  in  diameter,  and 
composed  of  three  layers  of  flat  limestones.  Both  were  also  covered 
by  a  sedimentary  deposit  of  clay.  One  was  accidentally  found  by  the 
point  of  a  subsoil  plough  turning  up  a  piece  of  burned  rock.  The 
other  was  found  by  probing  the  soil  with  a  sharp  iron  rod.  They  had 
been  built  on  the  ancient  surface  of  the  valley,  and  had  been  covered 
by  clay  washed  down  from  the  hills.  The  stone  work  of  both  was 
crumbled  almost  to  powder  by  the  action  of  heat.  The  subsoil  about 
these  altars  was  filled  with  charcoal ;  but  no  bones  were  found.  Only 
one  implement  was  found,  —  a  large  stone  axe,  a  few  feet  north  of  the 
northwest  altar. 

In  this  paper  I  have  excluded  ancient  **  fireplaces,"  where  it  appeared 
that  tliey  were  used  for  domestic  purposes ;  and  also  mounds  without 
stone  structures,  tliat  appear  to  have  been  used  for  beacon -lights. 
There  is  a  marked  difference  in  the  structures.  Fireplaces  are  found 
at  the  foot  of  some  sheltering  bluff  or  hillside.  They  were  usually 
built  into  the  hillside,  and  were  concave  or  cup-shaped  in  foi*m ;  as 
deep  as  they  were  broad.  Fire  might  be  buried  in  one  of  the  fire- 
places, and  the  embers  would  remain  many  days.  They  appear  to 
be  as  old  as  the  altars ;  for  they  are  buned  in  the  soil,  and  above 
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one  of  them  was  the  decayed  stump  of  a  white-oak  Itboat  three  feet 
in  diameter.  Beacon  mounds  are  somewhat  irregular-shaped,  never 
more  than  three  in  a  group,  and  situated  on  the  highest  sommitik 
The  clay  of  which  they  are  composed  is  mingled  with  ashes;  but 
human  remains  are  not  found  in  them.  I  have  never  fbuud  a  fireplace 
or  a  beacon  mound  near  a  group  of  burial  mounds. 


Antiquities   in  the  Town  op  New  Haven,    Vermont.     Bj 
John  McNab  Currier  of  Castleton,  Vermont. 

In  September,  187«5,  a  Mr.  Prime  of  Bristol,  Yt,  showed  me  a  frag* 
ment  of  an  arrow-head,  which  he  said  he  found  a  few  days  previoosly  on 
some  earth  entangled  among  the  roots  of  a  tree  that  had  been  blown 
down  by  the  wind,  in  the  eastern  part  of  the  town  of  New  Haven,  Vt- 
The  fragment  was  rudely  chipped ;  and  the  material  was  a  bluish 
quartzite,  such  as  a  large  proportion  of  the  arrow-heads  and  spear- 
points  are  made  from  in  this  section  of  Vermont  I  had  some  cari- 
osity  to  examine  tliis  locality  for  myself.  On  reaching  the  spot  I 
found  a  hemlock  tree  blown  down,  without  breaking  or  tearing  manj 
of  the  roots.  The  soil  among  the  roots  was  fully  eight  inches  thidc, 
and  remained  undisturbed.  Below  the  soil  a  layer  of  clay  was 
also  taken  up  at  the  same  time  undisturbed,  from  three  to  six 
inches  thick.  In  this  layer  of  clay  Mr.  Prime  said  he  found  the  frag- 
ment  of  arrow-head.  On  examination  I  found  many  flint  flakes  of 
similar  material  to  the  fragment,  and  unmistakably  of  human  work- 
manship. They  seemed  to  be  mingled  with  the  clay  immediately 
underlying  the  soil,  to  the  depth  of  four  or  more  inches.  Many 
flakes  also  were  found  on  the  ground  where  the  tree  had  stooil. 

I  examined  the  soil  on  the  roots  of  the  tree  with  great  care  for 
flakes  and  other  stone  implements,  but  nothing  of  the  kind  oould  be 
found  until  the  clay  was  reached.  On  cutting  into  the  tree  near  its 
roots,  I  counted  between  ninety  and  one  hundred  annual  rings.  Near 
by  were  standing  other  trees  of  greater  diameters;  also  there  Were 
several  old  decayed  stumps  in  the  immediate  vicinity,  fully  three  feet 
in  diameter.  The  ground  on  tins  spot  had  never  been  ploughed,  and 
I  should  judge  that  the  forests  had  never  been  entirely  cleared  off.  It 
was  on  a  slightly  elevated  ridge  of  clay,  about  six  rods  wide,  sloping 
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to  the  east  aud  west  iDto  marshy  ground,  unfavorable  for  cultivation. 
This  locality  is  about  two  miles  west  of  the  Green  Mountain  range,  and 
one  half  mile  west  of  the  New  Haven  River.  The  face  of  the  country 
is  very  uneven,  being  broken  up  into  small  plains,  valleys,  and  ridges. 
This  spot  slopes  gently  nortliward  and  eastward,  and  is  not  well  adapted 
for  retaining  upon  its  surface  the  decaying  vegetation  that  would  make 
up  its  soil.     This  clay  ridge  is  undoubtedly  of  glacial  formation. 

I  regard  this  as  positive  evidence  of  a  much  earlier  occupation  of 
the  Champlain  Valley  than  is  commonly  supposed.  Certainly  the 
formation  of  a  deep  layer  of  soil  was  subsequent  to  the  dropping  of 
those  flint  flakes. 


On  the  Alaba&tbr  Quarries,  Flint  Mines,  and  other 
Antiquities  of  Wyandot  Cave.  By  Horace  C.  Hovet, 
of  Fair  Haven,  Coon. 

Relics  from  American  caverns  have  hitherto  been  found  chiefly  in 
dry  chambers,  where  a  pure  atmosphere  and  a  nitrous  earth  have  kept 
them  from  decay.  The  most  interesting  examples  of  this  antiseptic 
preservation  are  the  textile  fabrics  and  desiccated  human  bodies  dis- 
covered in  various  caves  in  Kentucky.  Stalagmitic  deposits,  which  in 
France  and  England  have  yielded  valuable  archaeological  treasured, 
have  here  been  but  imperfectly  explored.  The  only  thorough  method 
is  that  of  cutting  vertical  slices  through  the  cave-floor  down  to  the 
solid  rock,  subjecting  each  barrow  load  to  ii)S{)ection.  An  approach 
to  this  was  in  the  extensive  excavations  made  by  miners  for  saltpetre, 
who,  during  the  war  of  1812,  worked  over  many  acres  in  Mam- 
moth and  Wyandot  Caves.  Their  object  l)eii)g  to  obtain  materials 
for  gunpowder,  rather  than  scientific  in  Formation,  they  have  only 
left  us  legends  of  skeletons  and  other  remains  long  ago  scattered  and 
lost.  They  were  rude  frontiersmen ;  and  it  has  been  customary  to 
lay  to  their  charge  spoliations,  some  of  which,  as  I  am  convinc(Hl,  are 
of  an  older  date.  But,  before  giving  the  grounds  of  this  opinion,  it 
will  be  well  to  state  the  more  general  evidences  of  Indian  preoccu- 
pancy,  especially  of  Wyandot  Cave,  the  antiquities  of  which  it  is  the 
main  design  of  this  paper  to  describe. 

Wyandot  Cave  is  in  Crawford  County,  Indiana,  near  the  Ohio 
Blver ;  and  from  the  first  has  been  in  the  [>ossession  of  the  Rothrock 
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family,  whose  aid  I  have  had  in  making  the  researches  noir  to  be 
recorded.  For  many  years  after  its  discovery  its  entire  length  waa 
thought  to  be  only  about  two  miles ;  and,  aside  from  its  valaable  beds 
of  nitre  and  Epsom  salts,  it  attracted  little  public  attention  ;  but  dow 
it«  ramifications  are  estimated  at  a  total  length  of  twenty-three  miles. 
The  portion  called  by  way  of  distinction  the  **  New  Cave  *^  was  dis- 
covered in  1850,  by  enlarging  a  small  opening  noticed  among  loose 
fragments  of  rock.  Beneath  these  a  scuttle  appeared,  that  had  at 
some  former  time  been  used,  and  afterwards  closed  up.  The  first 
white  persons  who  passed  through  this  found  a  well-beaten  path  lead- 
ing inwanl  amid  smoke-stained  walls.  Bits  of  hickory  bark  with 
charre<l  ends  were  abundant.  Numerous  poles  were  found  in  varioas 
places,  that  may  have  served  a  double  purpose,  —  as  alpenstocks,  and 
as  weapons  against  wild  beasts.  Many  tooth-prints  on  them  are  still 
to  be  seen.'  These  polos  were  all  saplings,  from  ^ve  to  eight  feet 
long,  having  no  marks  of  any  edge-tool,  but  seeming  to  have  been 
pulled  up  by  the  roots,  and  the  branches  then  twisted  off.  None  of 
them  were  hickory  or  oak  ;  but  some  kind  of  soft  wood,  sach  as  poplar^ 
pawpaw,  or  sassafras.  I  saw  all  these  things  on  the  occasion  of  my 
first  visit,  in  1854.  An  orifice  known  as  the  **  Auger-hole  **  had  at 
that  time  just  been  artificially  enlarged  from  a  diameter  of  six  inches 
to  that  of  twenty-one  inches  ;  barely  admitting  us,  through  a  group 
of  bulky  stalactites,  to  a  large  area  of  unexplored  territory  beyond. 
Centuries  must  have  elapsed  since  that  narrow  aperture  had  been  so 
closed  rs  to  be  impassable ;  yet  there,  in  the  nitrous  earth,  soft  as  a 
newly  raked  garden  bed,  were  the  moccasin  tracks  of  an  aboriginal 
party  that  once  searched  these  dim  avenues,  going  up  on  one  side  and 
returning  down  the  other.  The  footprints,  as  I  noticed,  were  parallel 
to  each  other,  with  heel  and  toe  in  line,  instead  of  with  the  toes  tnrned 
outward,  —  a  fact  confirming  our  opinion  that  they  were  left  by 
Indians.  I  regret  to  say  that  these  vestiges  are  now  entirely  obliter- 
ated by  the  heedless  tracks  of  more  recent  visitors. 

There  are  abundant  deposits  of  clay  in  Wyandot  Cave,  especially 
of  red  and  yellow  ochre,  very  free  from  grit  and  earthy  impurities. 
In  its  moist  condition  it  is  plastic ;  and  when  dry  may  be  scrRped,  and 
then  burnished,  simply  by  friction  with  the  palm.  Reduced  to  dost, 
it  makes  an  excellent  pigment.  As  the  Indian  paths  ran  by  these 
beds,  it  may  l)e  inferred  that  they  obtained  supplies  of  this  nseful 
material.  While  examining  one  of  the  heaviest  clay  beds  in  the  south 
arm,  two  years  or  more  ago,  a  strong  current  of  air  was  obserred 


BY  HORACE   C.    HOVEY.  727 

through  a  crevice  &bove  it.  Heeding  this  indication,  the  guide  dug  a 
trench  through  the  indurated  clay.  Then,  crawling  on  our  faces  for 
nearly  twenty  yards,  we  entered  a  room,  circular  in  form,  forty  feet  in 
diameter  and  eight  feet  high,  where  it  is  certain  that  no  white  man 
had  ever  been  before.  Wolf  tracks  were  numerous,  which  we  traced 
to  a  spot  where  the  animals  had  been  wont  to  lie  down.  Hence  we 
called  the  chamber  "  the  Wolf's  Lair."  Quantities  of  charred  bark 
lay  strewed  about  the  floor.  Two  entire  torches,  tlie  ends  only  having 
been  burnt,  projected  from  a  crevice  overhead.  Who  could  conjecture 
when  those  extinct  flambeaux  had  last  been  touched  by  human  hand  ? 
Reverently  examining  them,  we  replaced  them  where  they  had  been 
discovered.  The  original  entrance  to  the  Wolfs  Lair  was  not  through 
the  clay-bauk  pierced  by  us,  but  through  a  passage  at  the  further  end 
of  the  apartment,  as  was  indicated  by  the  curved  strata  bending  to  the 
floor ;  as  if  the  rocks,  breaking  by  their  own  weight,  had  fallen  in. 
The  place  can  hardly  be  more  than  twelve  Imndred  feet  from  the 
mouth  of  the  cave,  and  anciently  was  of  easy  access  and  frequent 
resort,  though  now  reached  only  by  a  detour  of  perhaps  a  mile  and  a 
half: 

Alabaster  Quarries.  —  The  chief  sin  laid  to  the  charge  of  the 
saltpetre  miners  of  1812  was  an  alleged  attempt  by  them  to  fell  a 
a  huge  stalacto-stalagmitic  column,  known  as  the  *'  Pillar  of  the  Con- 
6titutioa»'*  standing  at  the  end  of  the  Old  Cave,  and  two  miles  from  its 
entrance.  I  found,  on  subsequently  exploring  the  New  Qave,  in 
localities  which  the  saltpetre  miners  never  saw,  other  columns  cut 
into  precisely  as  this  had  been.  This  exonerates  these  pioneers  from 
vandalism,  and  stimulates  further  inquiry  as  to  the  cause  of  such 
ancient  excavations*. 

On  measuring  the  Pillar  of  the  Constitution,  it  was  found  to  be 
about  forty  feet  high,  seventy -Ave  feet  in  girth,  and  its  btise  to  be 
three  hundred  feet  in  circumference.  Its  material  is  a  hard,  white, 
striate<1,  translucent  mineral,  slowly  deposited  by  the  evaporation  of 
water  freighted  witli  carbonate  of  lime.  This  has  from  classic  days 
been  known  as  alabaster,  and  now  is  called  ^  Oriental  alabaster,*'  to 
distinguish  it  from  the  more  common  and  softer  sort,  composed  of  the 
sulphate  of  lime.  The  pillar  is  not  merely  crusted  with  this  beautiful 
mineral,  but  is  solid  and  homogeneous.  Its  immense  weight  has  at 
some  remote  period  caused  the  subjacent  rocks  to  settle,  thus  opening 
cracks  in  the  spreading,  stalagmitic  base,  many  yards  long,  and  vary* 
ing  in  width  from  an  inch  to  a  foot.  Some  are  healed  over;  others 
remain  open. 
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Startiog^  from  some  of  these  cracks,  a  segment  with  an  are  of  tlurijr 
feet  was  cut  from  the  base,  and  a  cavity  was  made  in  the  shaft  itself 
about  ten  feet  wide,  seven  high,  and  five  deep.     No  one  doubts  Ifaaf 
this  was  done  arti£ciallj.     I  have  attempted  to  aseertaiii  how  long  a 
time  has  elapsed  since  it  was  done.    The  right  edge  of  the  incisiaa 
runs  underneath  a  stalagmitic  wrapping  eiglit  feet  wide  aad  ten  inches 
thick  at  its  thickest  part.     Inspection  shows  that  drippings  like  those 
now  healing  this  wound  were  at  work  before  it  was  inflioted,  and  that 
the  cut  was  primarily  made  through  a  mass  like  that  by  which  it  is 
now  overlapped.     The  region  above  ground  is  stiU  covered  by  forests. 
HencC)  as  there  has  be^i  no  change  of  conditions,  there  has  been  eoo* 
stancy  of  stalagmitic  growth.     A  series  of  experiments  has  established 
the  fact  that  in  the  immediate  vicinity  of  the  pillar  stalactites  grow  at 
the  rate  of  one  inch  in  twenty-five  years,  but  that  stalagssites  grow 
only  one  quarter  of  an  inch  in  that  period,  or  an  inch  in  one  hundred 
years.    At  this  rate  of  increment,  it  must  then  have  required  ooe 
thousand  years  for  the  wrapping  to  have  attained  its  preseBt  thickness 
of  ten  inches ;  and  that  length  of  time  has  therefore  elapsed  since  this 
alabaster  quarry  was  worked.     Confirmatory  of  this  calculation  is  the 
fact  that  some  of  the  fragments  thrown  out  from  the  pillar  are  cemented 
over  cavities  where  clusters  of  exquisite  stalactites  have  had  time  to 
form.     Further  search  by  me,  in  1878,  revealed  the  implenents  with 
which    the  ancient  quarrymen  wrought ;   namely,   round   or   oblong 
bowlders  of  granitic  rock,  extremely  hard,  and  of  a  size  (from  lour  to 
ten  inches)  suitable  to  be  wielded  by  hand,  or  twisted  in  a  withe  and 
swung  as  a  maul.     Rothrock,  who  has  been  familiar  with  the  cave 
from  boyhood,  denies  having  at  any  time  carried  any  such  stones  into 
it,  or  of  any  one  else  having  done  so  to  his  knowledge.     The  custom* 
ary  tool  for  gathering  specimens  is  a  hammer  or  hatchet ;  and  these 
clumsy  stoue-pouuders  would  be  used  only  by  thoee  who  had  no  better 
tools. 

The  theory  that  these  pebbles  were  swept  in  by  an  underground 
stream  is  untenable :  first,  because  barometrical  observations  show  the 
place  to  be  twenty  feet  higher  than  the  entrance ;  then,  there  are  here 
no  beds  of  sand  or  gravel,  or  other  indications  of  recent  fiaviatUe 
action  ;  and,  moreover,  the  entire  region  lies  below  the  line  of  glacial 
drifK  Professor  CoUett,  the  State  geologist,  informs  me  that  the 
entire  cuve  is  at  least  one  hundred  feet  below  any  drift  yet  discovered 
in  Crawford  County.  It  is  certain,  therefore,  that  these  small  bowl« 
ders  were  broug)it  by  baud  fh)m  a  long  distance.     Although  nothing 
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bafi  been  done  by  art  to  modify  their  natural  proportions,  they  seem 
to  hare  been  carefully  selected  with  reference  to  their  fitness  for  use. 
Hard  as  the  material  is,  the  ends  are  whitened  aud  battered  by  much 
pounding.  My  conclusion,  therefore,  is  well  grounded  that  these 
were  the  implements  used  by  the  Indians,  more  than  one  thousand 
years  ago,  iu  breaking  from  this  alabaster  quarry  blocks  of  a  portable 
size. 

Quite  probably  the  spot  was  resorted  to  by  suecessive  generations 
for  material  to  be  made  into  amulets,  ornaments,  disks,  and  images ; 
such  as  we  are  told  by  Dr.  Joseph  Jones  have  been  repeatedly  ex- 
humed in  the  Soutliern  States,  and  also,  according  to  Professor  S.  F. 
Baird,  from  tumuli  in  IlIino.is.  If  not  found  abundantly  in  Indiana, 
the  reason  may  be  that,  although  tliis  kind  of  alabaster  is  hard  and 
durable  when  not  exposed  to  the  elements,  it  is  fibrous  in  its  struc* 
ture  and  liable  to  decay  amid  atmospheric  vicissitudes,  as  was  proved 
by  fragments  found  in  a  crumbling  condition  just  outside  the  cave. 

As  remarked,  there  are  other  alabaster  quarries  in  the  newer  por* 
tions  of  Wyandot  Cave.  One  of  these  is  in  the  stalagmitic  mass 
crowning  Monument  Mountain,  —  an  eminence  135  feet  high,  rising 
under  a  dome  205  feet  high  and  1,000  feet  in  circumference.  The 
stalagmite  is  25  feet  in  diameter  at  its  base,  pyramidal  in  shape,  and 
sustains  three  statuesque  figures,  the  tallest  of  which  is  8  feet  high. 
I  observed,  what  it  is  a  little  singular  no  one  has  remarked  upon 
before,  an  incision  in  the  base  and  side  of  this  alabaster  pyramid,  pre- 
cisely like  that  in  the  Pillar  of  the  Constitution.  Searching  amid  the 
debris  below,  I  found  similar  fragments  of  alabaster  and  granitic 
pounders. 

In  the  south  arm  of  the  cave  a  different  quarry  was  noted  in  what 
is  called  the  "  Pillared  Palace.**  Here  the  alabaster  was  obtained  by 
felling  the  smaller  cohimns,  from  S  to  7  feet  in  height.  Some  were 
broken  up,  while  others  are  still  nearly  entire.  Granitic  pounders, 
again,  were  found  lying  under  at^acent  limestone  ledges,  as  if  secreted 
there. 

It  should  be  added  that,  in  all  ca«?e.8,  the  fractures,  instead  of  show- 
ing a  sharp  edge  and  bright  surface,  like  those  made  by  recent  visitors, 
have  a  discolored,  corroded  appearance  befitting  their  antiquity. 

The  Flint  Mine  and  Works.  —  The  proprietor  of  Wyandot 
Cave  is  impressed  by  the  notion  that  it  was  once  a  favorite  resort  for 
bears.  Here  and  there  are  **  bear  slides,**  which  I  suspect  were  really 
worn  smooth  by  Indians  clambering  over  the  rocks.     In  like  manner. 
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for  twenty-five  years  he  has  pointed  out  some  "  bear  wallows  "  not  £ir 
from  the  Pillared  Palace.     These  are  circular  depre^isionSf  twenty  or 
more  in  number,  each  a  yard  wide  and  a  foot  deep.     A  tbin  crust  of 
clay  covers  them,  and  their  appearance  agrees  well  with  their  name. 
About  two  years  ago,  however,  I  had  the  satisfaction  of  proving  them 
to  be  the  remains  of  ancient  flint-works.     Happening  to  remove  the 
clay  crust  from  a  bear-wallow,  I  found  a  pile  of  ashes  and  cinders  on 
one  side  and  a  quantity  of  flint  chips  on  the  other.     On  examination 
this  proved   true  of  each  wallow.      Further   removal   of   the  crust 
brought  to   light  hundreds  of  flinty  prisms  with  parallel   faces,  and 
averaging  four  inches  in  length  by  one  and  a  half  in  width  and  half  an 
inch  in  thickness. 

The  mine  is  near  by,  abounding  in  flint  nodules,  lying  in  rows  in 
the  cave  walls,  and  occasionally  in  bands  or  belts.  Each  nodule  has  a 
coating  of  some  grayish  mineral,  perhaps  discolored  flint,  and  betweea 
them  is  usually  a  soft,  chalky  substance,  easily  cut  by  a  knife. 
Freshly  fractured,  a  bright  black  surface  api>ears,  in  contrast  with  the 
dingy,  faded  blocks  by  the  wallows.  This  change  of  hue  is  due  to 
the  gradual  removal  of  the  traces  of  iron  found  with  the  si  lex.  Many 
of  the  blocks  were  rejected  on  account  of  flaws  or  imperfections. 
The  nodules  are  easily  split  into  this  form,  which  is  convenient  for 
transportation.  Arrow-head  making,  however,  was  carried  on  here  to 
a  considerable  extent,  as  appears  from  the  chips.  Pounders  like 
those  in  the  alabaster  quarries  were  found  along  with  the  flints,  show* 
ing  the  means  of  breaking  the  nodules. 

The  only  manufactured  article  dug  up  in  this  spot  was  a  little  stone 
saucer,  containing  a  soft  black  substance.  This  may  have  been  a  rode 
lamp. 

Search  at  the  mouth  of  the  cave  unearthed  quantities  of  flint  chips, 
and  also  finished  arrow-heads.  The  question  has  been  raused  why  the 
Indians  should  delve  for  flint  balls  amid  subterranean  darkness,  when 
quantities  of  such  spheres  are  found  along  the  beds  of  streams  and 
elsewhere  in  the  open  air.  The  reason  is  that  the  latter,  having  been 
exposed  to  the  elements,  have  deteriorated  in  quality  ;  they  also  break 
with  irregular  cleavage.  Hence  the  Indians  sought  to  get  flints  fresh 
from  the  strata  where  they  were  originally  deposited;  and  which,  be- 
cause of  their  moisture,  readily  part  into  quadrangular  prisma  under 
the  hammer. 

Since  making  known  the  existence  of  this  flint  mine  in  TVyaadoi 
Cave,  I  have  learned  of  flint-pits  dug  along  Indian  Creek  and  ^ae* 
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where  in  Harrison  County,  Indiana ;  and  Professor  CoUett's  observa- 
tions on  their  peculiarities  confirm  my  own  conclusions,  independently 
arrived  at,  as  to  tlie  probable  date  of  these  works,  the  nature  of  the 
implements  used,  and  the  final  disposition  made  of  the  materiala 
obtained. 


Some   Observations   on   Geometric    Beauty,   considered    as 

CONSISTING     IN     ANGULAR     RATHER    THAN    IN     LiNEAR     RaTIOS. 

By  S.  Edward  Warren,  of  Newton,  Mass. 

[abstract.] 

The  object  of  this  paper  was  to  present  some  results  of  a  fi-esh 
study  of  the  general  proposition  tliat,  if  one  geometrical  form  is  beau- 
tiful, and  another  not  so,  there  is  a  discoverable  geometrical  reason 
why  the  former  is  so,  which  reason,  being  known,  would  facilitate 
ornamental  geometrical  design,  the  definition  having  been  ventured 
that  beauty  in  general  consists  in  spontaneous  expression  of  excellence 
of  some  sort ;  that  is,  of  some  form  of  good,  as,  for  instance,  of  some 
worthy  purpose. 

Thi-ee  abstract  principles  of  beauty  were  then  mentione<1  and  illus- 
trated :  unity,  whereby  a  whole,  consisting  of  parts,  is  made  one  by 
the  possession  of  one  aim  or  use ;  uniformity^  by  which  parts,  while 
evident  and  appropriate  components  of  a  whole,  are  alike  ;  harmoniaui 
variety,  by  vvhicli  parts  may  be  unlike,  and  yet  each,  in  its  own  appro- 
priate way,  may  contiibute  to  the  perfection  of  the  whole ;  freedom^ 
by  which  was  meant  wholes  of  different  design  for  the  same  purpose, 
yet  each  so  self-consistent  throughout,  and  so  consistent  with  surround- 
ing circumstances,  as  to  be  agreeable. 

Next,  passing  from  purely  abstract  principles  to  quantity  in  general, 
elementary  numerical  representatives  of  the  foregoing  principles  were 
found  in  1,  as  the  representative  of  unity ;  2  =  1  -f-  1,  as  that  of  uni- 
formity ;  3  =  2  -|-  1>  as  that  of  variety ;  5  =  2  -}-  3,  as  that  of  the 
combination  of  the  last  two ;  and  7,  as  that  of  freedom,  owing  to  the 
Dumber  of  ways  in  which  it  embraced  the  preceding. 

Next,  lest  the  foregoing,  being  abstract,  should  be  deemed  only  fan- 
ciful, it  was  rehearsed  that  musical  chords  are  based  on  the  numbers 
1,  2,  3,  5,  and  rarely  on  7,  and  on  multiples  of  these. 

Next  it  was  argued,  from  the  admitted  unity  of  nature,  that  if  beauty 
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of  sound  is  demonstrably  founded  on  the  numbers  mentioned,  beaat/ 
of  form  might  be  so  also.     But  here  exists  the  alternaUve  betnreea 
supposing  beauty  of  form  to  consist  in  ratios  between  the  lengths  efiU 
determining  lines,  or  between  its  angles.     It  was  argued  that  furm  and 
size  were  distinct  elementary  geometrical  ideas,  size  depending  on  the 
number  of  points  in  a  magnitude  (considering  a  point  not  now  as  ao 
absolute  zero  of  magnitude)  and  form^  on  thtdr  arrcmgemefiL     Direo- 
tlon  was  considered  as  being  \jo  form  what  cUstcuice  is  to  size  ;  that  is, 
as  more  fundamental  to  the  idea  of  form  than  distance  is ;  and,  as  an 
angle  is  generally  defined  as  difference  of  direction,  it  was  argued  that 
ratios  between  the  angles  of  a  magnitude,  and  founded,  as  in  the  ratios 
in  musical  chords,  upon  the  numbers  1,  2,  3,  5,  and  perhaps  7^  are  the 
secret  of  purely  geometric  beauty.     Some  illustrations  from  rectilinear 
objects  were  then  given,  preferring  rectangular  ones  as  most  frequent 
and  practically  important. 

For  example :  A  parlor  being  24  feet  long,  shall  its  width  (being 
not  arbitrarily  chosen)  have  a  certain  simple  ratio,  as  f  or  {,  to  itt 
length,  or  shall  it  depend  on  the  ratio  between  the  angles  into  which 
its  floor  diagonal  divides  a  comer  right  angle  ?  Upon  the  latter,  on 
the  principles  of  the  paper ;  and,  accordingly,  making  these  angles  36^ 
and  54^,  with  a  ratio  §,  the  width  would  be  17' :  6*;  or,  if  these  angles 
were  30°  and  60'*,  giving  the  ratio  i,  the  width  wonld  be  13':10^ 
In  either  case  a  longer  wall  diagonal,  dividing  the  rectangular  corner 
into  angles  of  22|^  and  67^°,  having  the  ratio  \,  would  give  the  har- 
monious, as  well  as  practically  suitable,  height  of  9'  9  feet. 

Passing  to  the  more  intricate  subject  of  curvilinear  beauty,  the 
superiority  of  ovals,  or  egg-curves,  to  bi»  or  multi*«ymmetrical  curves 
(ellipse  and  circle),  was  mentioned,  and  the  distinction  between  nat- 
ural curves,  formed  according  to  a  uniform  law,  and  artificial  curves, 
composed  of  arcs  of  more  elementary  curves,  was  notii^ed;  and  theft  a 
method  of  constructing  ovals  indefinitely  varied  in  form,  from  the  most 
compressed  (or  turnip-shaped)  to  the  most  elongated  (or  spindle-shaped) 
was  shown,  consisting  in  making  various  sections  of  a  right  eoamd 
(warped  surface)  of  circular  base,  by  planes  parallel  to  its  line  of  strio- 
tion  (rectilinear  directrix),  with  an  attempt  to  connect  these  ovals  sjb- 
tematicaliy  with  certain  governing  angular  ratios. 

The  paper  concluded  with  a  few  applications  of  such  ovuls  to  the 
design  of  house  and  garden  vases,  fruit  dishes,  gas  shades,  etc,  and  a 
hope  that  attention  might  be  more  generally  directed  to  a  subject  poe- 
iessing  so  much,  both  of  philosophical  and  industrial  interest 
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Note  on  an  American    Example  of  a  ''St.  Giles  Stair- 
case."    Bj  S.  Edward  Warren,  of  NewtOD,  Mass. 

The  St.  Giles  staircase  is  one  of  the  most  complicated  conceivable 
oonstructional  features  in  architecture  and  enguieering*  Therefore, 
as  a  visit  to  Marblehead  promises  to  be  in  order  during  the  present 
session  of  the  Association,  a  note  upon  the  construction  may  interest 
those  visitors  who  are  interested  in  such  matters. 

In  popular  language,  the  structure  is  a  witMling  stairway,  arched 
overhead  as  it  winds  ;  the  whole,  steps,  walls,  and  spiral  arched  cov- 
ering being  in  cut  stone.  It  will  be  found  in  the  old  abandoned  fort 
at  Marblehead,  garrisoned,  when  last  seen,  by  one  man  in  working 
dress,  and  armed  only  with  a  wooden  rake. 

To  those  who  are  unfamiliar  with  the  construction,  its  essentials  can 
be  made  intelligible,  step  by  step,  without  model  or  diagram,  as  fol- 
lows :  — 

1 .  Hold  a  rod  vertically  in  the  left  hand. 

2.  Hold  a  second  rod  horizontally  in  the  right  hand,  one  end  of 
it  meeting  the  first  rod. 

8.  If  the  second  rod  be  moved  upward,  keeping  it  parallel  to  itself, 
it  will  sweep  over,  that  is,  generate  a  vertical  plane  area. 

4.  If,  instead  of  this  upward  motion,  this  same  second  rod  be  re- 
volved  about  the  vertical  rod,  keeping  it  horizontal,  and  meeting  the 
vertical  rod  at  a  fixed  point,  it  will  generate  a  horizontal  circular 
area. 

5.  If  both  the  motions  just  described  be  combined,  and  if  both  be 
uniform,  the  horizontal  rod  will  have  an  ascending  spiral  motion, 
always  in  a  horizoutal  position,  around  the  vertical  rod,  and  will 
generate  the  spiral  surface  of  a  square-threaded  screw,  —  the  same 
as  is  seen  on  a  larger  scale  in  the  plastered  under*side  of  circular 
stairs  winding  around  a  cylindrical  central  post  or  pit,  and  called  a 
helicoidal  surface. 

6.  But  now  substitute  for  the  horizontal  moving  rod  a  semicircle, 
having  that  rod  for  its  diameter,  and  in  a  vertical  position  ;  that  is,  so 
that  the  vertical  rod  shall  be  tangent  to  it  at  one  extremity  of  its  hor- 
izontal diameter. 

7.  Now  give  this  semidrcle  the  same  compound  or  spiral  motion 
that  was  given  to  the  moving  rod  in  the  last  case,  and  it  will  generate 
what  may  be  popularly  termed  the  cylindrically  spiral  surface,  which 
will  be  the  arched  ceiling  of  the  staircase. 
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8.  Finally,   the  joints  between  the  stones  of  a  seinicircular  ardi 
being  radial,  the  joint  surfaces  of  the  spiral  overhead  arch  of  the  St. 
Giles  staircase  may  be  generated  by  radii  of  the  generating  semh* 
circle  of  its  arched  ceiling.     Li  this  case,  these  joint  surfaces  will  be 
lieliocoidal,  of  the  kind  called  oblique ;  that  is,  like  the  surfaces  of  the 
threads  of  a  triangular  or  V-threaded  screw.     These  straight  lines 
produced  will  everywhere  intersect  the  vertical  rod  or  axis,  and  henoe 
will  be  hi  vertical  planes.     They  will  also  intersect  the  helix  or  spiral 
line  generated  by  the  centre  of  the  moving  semicircle.      These  prop- 
erties facilitate  the  construction. 

9.  But  such  joint  lines  are  not  perpendicular  to  the  arched  sur- 
face, that  being  not  over  a  horizontal  circular  passage,  but  over  an 
ascending  one.  But^  in  making  them  thus  perpendicular,  we  fall  on 
niceties  of  description,  which  would  require  diagrams  and  models, 
and  on  niceties  of  construction,  which  are  expensive  and  difficult, 
AVherefore  I  stop,  only  directing  inquiry  for  the  stone-winding  stairs 
in  the  Marblehead  fort,  and  adding  that  a  model  in  plaster  of  the  like 
construction  will  be  found  in  the  Institute  of  Technology. 
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Wednesday^  August  25,  1880.  —  At  10.45  A.  M.  the  Association  was 
called  to  order  in  Huntington  Hall,  Massachusetts  Institute  of  Technology, 
Boston,  by  the  retiring  President,  Professor  Geohge  F.  Barker,  of 
Philadelphia,  who  presented  the  President  elect,  the  Hon.  Lewis  H. 
MoROAN,  of  Rochester,  who  expressed  his  thanks  for  the  honor  and  his 
desire  to  discharge  his  duties  with  promptness  and  impartiality. 

At  the  request  of  the  President,  the  Rev.  Georgr  £.  Ellis,  D.D.,  of 
Boston,  offered  prayer. 

William  B.  Rogers,  LL.D.,  President  of  the  Massachusetts  Institute 
of  Technology,  and  Chairman  of  the  Local  Committee,  then  addressed 
the  Association  as  follows:  — 

Ladies  and  Gentlemen :  —  Speaking  as  the  representative  of  the  local 
committee  of  the  hospitable  city  of  Boston,  and  speaking  as  one  of  the 
old  representatives  of  the  American  Association  for  the  Advancement  of 
Science,  I  have  a  double  duty  to  perform,  —  to  S[>eak  for  the  guest  and 
for  the  entertainer.  The  American  Association  for  the  Advancement  of 
Science  has  never  yet  held  a  meeting  in  this  the  city  of  Franklin,  of 
Bowditch,  and  of  the  long  line  of  other  scientific  worthies,  prominent 
among  whom  have  been  Wyman  and  our  great  instructor,  our  adopted 
citizen,  Ix)uis  Agassiz.  It  seems  a  fitting  place  for  such  an  associa- 
tion to  convene.  Its  spirit,  its  institutions,  its  history,  its  habits  and 
sympathies,  all  favor  such  a  reunion  between  its  citizens  and  the  lovers 
and  pjomotors  of  science.  It  was  my  good  fortune,  if  it  is  a  good  for- 
tune to  be  able  t^)  date  back  one's  life  for  a  long  period  of  years,  to  have 
been  familiar  with  this  institution  from  its  cradle,  when  it  first  presented 
itself  as  the  Association  of  American  Naturalists  and  Geologists.  This, 
however,  was  not  the  earliest  congress  of  science  assembled  in  the  world. 
The  origin  of  this  thought  of  an  annual  parlijiment  of  scientific  men 
seems  properly  to  belong  to  the  great  German  philosopher  Oken,  who  as 
early  as  1822  organized  the  German  Association  for  the  Advancement  of 
ScicTice.  For  eight  or  nine  years  this  example  wjis  not  followed,  but  in 
1831  Brewster,  aided  by  Biougham,  established  the  British  Association 
for  the  Advancement  of  Science,  which  we  are  to  regard  as  the  parent 
institution  from  which  we  have  sprung. 

This  British  Association,  meeting  first  in  the  ancient  city  of  York  in 
1831,  has  held  its  annual  meetings,  for  a  series  of  years,  in  all  the  great 
capitals  and  some  of  tlie  secondary  cities  of  the  kingdom,  faithfully  ad- 
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ministering  to  the  needs  and  stimulating  the  energies  of  scientific  inqmrj, 
and  publishing  each  year  its  solid  quarto,  which  represents  so  well  the 
progress  of  physical  and  natural  science.  This  parent  Association  is 
holding  to-day  its  fiftieth  annual  meeting;  and  now,  in  the  afternoon  of 
its  work,  I  picture  in  thought  some  of  the  illustrious  chiefs  of  science 
that  are  there  assembled;  I  call  to  mind  Sir  Joseph  Hooker,  Sir  William 
Thomson,  Huxley,  Tyndall,  Balfour  Stewart,  Stokes,  Ramsay,  and  Owen, 
and  other  great  representatives  of  the  physical,  mathematical,  and  nat- 
ural science  of  the  present  age.  I  trust  that  to-day,  before  we  shall 
have  closed  our  meetmg,  there  will  be  transmitted  by  the  cable  a  note  of 
greeting  from  the  American  Association  assembled  here  to  the  British 
Association  now  gathered  at  Swansea. 

It  was  eight  years  after  this  memorable  event  of  the  establishment  of 
the  British  Association  that  our  American  Association  of  Geologists  and 
Naturalists  was  founded,  bringing  together  a  zealous  band  of  scientific 
workers  at  the  time  when  our  State  surveys  were  reaping  their  first  dis- 
coveries, when  our  geology,  palaeontology,  and  our  natural  history  in  gen- 
eral were  comparatively  unexplored.  In  the  year  1847,  during  my  presi- 
dency of  this  earlier  society,  the  plan  was  framed  of  a  more  extended  and 
comprehensive  social  organization  for  the  advancement  of  science;  and  in 
the  following  year,  under  the  presidency  of  Redfield,  of  New  York,  the 
first  meeting  of  this  enlarged  Association,  in  it?  present  form,  was  hekl 
in  the  city  of  Philadelphia.  Since  that  time  this  Association  has  con- 
tinued to  assemble  yearly,  save  during  the  dark  interval  when,  through 
the  anxieties  and  sad  necessities  of  the  war  it  was  compelled  to  hold  its 
peace.  But  resuming  its  labors  in  1865,  the  Association  has  eon  tinned 
with  renewed  vigor  to  prosecOte  its  work,  and  we  are  now  assembled  at 
its  twenty-ninth  meeting. 

The  functions  of  our  Association  are  adequately  described  by  its  title. 
As  an  association  for  the  advancement  of  science,  it  expects  of  all  those 
who  become  its  members  that  they  shall  do  whatever  is  in  their  power  to 
quicken  scientific  thought,  to  accumulate  facts,  to  discover  and  investigate 
laws,  and,  in  a  word,  to  enlarge  the  boundaries  of  every  department  of 
positive  science.  But  while  we  are  an  association  for  the  advancement  of 
science,  we  are  in  the  very  nature  of  the  case  instrumental  in  its  diffusion, 
as  is  well  shown  by  the  comparatively  popular  character  of  the  meetings 
of  the  American  Association.  We  cannot  better  promote  the  progress  of 
science  than  by  arousing  in  all  quarters  where  the  Association  meets  those 
latent  energies,  those  inborn  talents  and  tendencies,  which  may  hereafter 
blossom  and  fructify  in  scientific  results. 

Thus  it  is,  gentlemen,  that  our  Association  is  assembled  here,  and 
while  I  would  not  compare  it  as  yet  in  numbers  or  strengfth  with  the 
parent  association,  I  see  here  to-day  the  promise  of  a  great  increase  both 
in  numbers  and  activity  for  the  future.  For  the  last  twenty  years  the 
British  Association  has  had  a  list  of  membei-s  averaging  8,500  \  an  aTer- 
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age  attendance  of  nearly  2,500;  and  an  income  from  its  members  of 
912,500,  having  at  the  same  time  1,000  life  members,  being  able  practi- 
cally to  promote  scientific  research  by  grants  for  different  departments  of 
inquiry  amounting  to  from  85,000  to  $  10,000  a  year.  Here,  my  friends, 
is  something  worthy  of  our  emulation,  a  direction  of  progress  in  which 
we  shall  have  the  sympathy  of  all  scholarly  and  scientific  men  through- 
out the  world. 

Looking  to  the  character  of  the  communications  presented  at  our  meet- 
ings and  published  in  our  proceedings,  let  us  make  it  our  special  care  to 
exclude  from  our  annual  reports  all  detailed  publications  which  are  not 
of  a  character  actually  to  add  to  the  stock  of  human  knowledge,  whether 
that  knowledge  be  simply  the  gathering  together  of  facts  by  careful  pro- 
cesses of  research,  or  the  development  of  laws  by  mathematical  investiga- 
tion. And  let  the  prolonged  discussions,  which,  however  valuable  they 
may  be,  are  not  of  a  quality  and  character  appropriate  to  the  transactions 
of  a  great  bofly  like  tl\is,  be  printed,  as  the  Seci-etaiy  suggests,  in  small 
type  and  in  abstract  in  the  latter  part  of  the  volume. 

I  thank  my  friends  for  the  patience  with  which  they  have  listened  to 
one  who  does  not  like  to  call  himself  an  old  man,  but  who  feels  something 
of  the  spirit  of  the  war-worn  soldier  who  likes  at  times  to  shoulder  bis 
crutch  and  fight  his  battles  o*er  again.  As  1  have  spoken  in  behalf  of 
the  committee  of  the  city  of  Boston,  let  me  conclude  with  my  personal 
welcome  in  behalf  of  this  institution  over  which  I  have  the  honor  to 
preside,  and  to  say  to  you  that  the  corporation  and  officers  of  the  Insti- 
tute of  Technology  aie  not  only  glad  but  proud  to  welcome  the  American 
Association  for  the  Advancement  of  Science  to  this  hall  and  to  all  the 
accommodations  and  comforts  which  the  Institute  can  offer. 

His  Honor  Frkdkrick  O.  Prince,  Mayor  of  the  city,  then  spoke  sub- 
stantially as  follows :  — 

Mr.  President :  —  It  gives  me  much  pleasure  to  meet  you  and  the 
Association  over  which  you  preside  on  this  interesting  occasion,  and  bid 
you  welcome  to  the  city  and  its  hospitalities.  Be  assured  I  express  the 
sentiments  of  our  people,  and  of  all  our  people,  when  I  say  that  l^oston  is 
honored  to-day  in  having  within  her  limits  this  large  body  of  distin- 
guished scientists  ;  for  your  rolls  contain  the  names  of  many  whose 
genius,  learning,  and  labors  are  recognized  and  appreciated  wherever 
men  know  their  true  benefactors. 

This  is  the  first  time —  if  I  am  rightly  informed  —  that  the  society  has 
assembled  in  Boston,  although  it  has  met  in  other  cities  of  the  Common- 
wealth.    The  event  will  be  a  memorable  one  in  our  history. 

I^Ir.  President,  you  are  among  friends.  You  are  among  those  who  are 
in  sympathy  with  your  Association  and  appreciate  the  work  in  which  it 
is  engaged.  Boston  has  always  recognized  the  value  of  science  and  learn- 
ing.    She  has  always  seen  the  power  of  knowledge  as  a  factor  in  social 
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and  political  progress,  and  as  an  element  of  national  prosiieritj.     Slie  hm 
therefore  always  encouraged  educational  institutions. 

In  a  few  days  we  shall  commemorate  the  two  hundred  and  fiftieth 
anniversary  of  our  municipal  existence.     At  such  a  time  we  naturally 
survey  our  past  history,  and  with  pride  —  permit  me  to  say  with  just 
pride  —  we  draw  attention  to  the  fact  that  in  16ii2,  two  years  only  after 
the  colonists  landed  upon  this  peninsula,  then  occupied  by  a  single  in- 
habitant, and  berfore  there  was  a  white  man  in  any  place  except  Sakm, 
whera  this  organization  has  held  an  annual  naeeting,  they  organized  a 
school  for  the  insti'uction  of  their  children,  and  soou  after  derised  the 
present  system  of  free  popular  education  and  made  attendance  upoa 
school  compulsory,  for  the  reason  tliat  society  cannot  be  safe  where  the 
))eople  are  ignorant,  and  because  of  the  benefits,  social  and  political, 
which  come  from  intelligence  and  culture.      From  that  early  day  Boston 
has  always  contributed  mo^t  liberally  to  the  support  of  public  schools, 
and  now  her  annual  appropriations  for  them  exceed  a  million  and  a  half 
of  dollars.     In  1638,  eight  years  after  the  settlement  of  Boston  was  com- 
menced, our  Puritan  ancestors  laid  the  foundation  of  Harvard  College, 
and  this  institution  has  grown  and  prospered  and  reachefl  its  present 
exalted  position  for  the  most  pai't  tlirough  the  fostering  care  and  munifi- 
cence of  our  citizens. 

Many  of  the  most  distinguished  members  of  this  Association,  many  of 
those  who  have  achieved  triumphs  in  the  fields  oi  science  —  both  the 
starred  and  the  unstarred  —  are  graduates  of  Harvard,  and  amid  the  clas- 
sic shades  of  their  alma  mater  first  received  the  inspiration  to  engage  in 
the  study  of  nature  as  the  highest  of  human  pursuits. 

Thus  it  will  appear  that  Boston,  through  her  efforts  in  the  cause  of 
education,  has  developed  that  love  of  knowledge  which  has  distinguished 
her  among  American  cities,  and  prompts  her  to  welcome  the  advent  of 
this  Association  to-dav  and  wish  it  everv  success. 

We  are  a  hard-working  community,  busily  engaged  in  those  industrial 
pui-suits  by  which  wealth  is  accumulated.  You  will  find  everywhere 
within  our  limits  evidence  of  material  prosperity.  All  classes,  except  the 
intemperate  and  vicious,  are  enjoying  as  the  fruits  of  their  industry  not 
only  the  comforts,  but  what  would  l>e  termed  a  few  years  ago  the  luxuries 
of  life.  But  this  material  success  has  not  lessened  our  interest  in  intel- 
lectual progress.  You  will  find  that  Boston  will  always  cheerfully  con- 
tribute from  her  abundance  to  the  needs  of  science.  She  has  done  so  in 
the  past;  she  will  do  so  in  the  future. 

It  is  not  for  me  to  speak  of  the  natural  sciences  in  this  presence.  I  am 
wholly  ignorant  of  this  de^xirtment  of  knowledge;  but  permit  me  to  say 
what  I  suppose  will  be  conceded  by  all,  that  as  science  is  the  foundation 
of  all  the  industrial  arts,  and  as  through  these  come  civilization  and 
wealth,  and  most  of  that  which  makes  the  comfort  and  happiness  of 
society,  it  is  fitting  and  just  that  every  community  should  be  willing  and 
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ready  to  do  all  which  may  be  necessary  for  the  development  of  scientific 
truth.  What  has  not  science  done  for  man !  What  pen  or  tongue  can 
record  all  its  benefactions  1  In  tlie  words  of  Macaulay,'  we  may  say  that 
**  it  has  lengthened  life,  it  has  mitigated  pain,  it  has  extinguished  dis- 
eases, it  has  increased  the  fertility  of  the  soil,  it  has  given  new  securities 
to  the  mariner,  it  has  furnished  new  arms  to  the  wamor,  it  has  spanned 
great  rivers  and  estuaries  with  bridges  unknown  to  our  fathers,  it  has 
guided  the  thunderbolt  innocuously  from  heaven  to  earth,  it  has  lighted 
up  the  night  with  the  splendor  of  the  day,  it  has  extended  the  range  of 
the  human  vision,  it  has  multiplied  the  power  of  the  human  muscle,  it 
has  accelerated  motion;  it  has  annihilated  distance;  it  has  facilitated  in- 
tercourse, correspondence,  all  kindly  offices,  all  despatch  of  business;  it 
has  enabled  man  to  descend  to  the  depths  of  the  sea,  to  soar  into  the  air, 
to  penetrate  securely  into  the  noxious  recesses  of  the  earth,  to  traverse  the 
land  on  care  which  whirl  without  horses,  and  the  ocean  in  ships  which 
sail  against  the  wind;  these  are  but  parts  of  its  fruits." 

Obviously  there  is  a  community  of  interest  between  the  scientist  and 
those  who  are  engaged  in  what  are  called  industrial  pursuits.  Each 
party  needs  the  other  —  alter  alterius  auxilio  eget.  One  reveals  through 
his  investigations  those  secret  principles  of  nature  which  enable  the  other 
to  accumulate  the  wealth  from  which  the  cost  of  such  investigations 
should  be  paid.  But  the  scientist  rarely  gets  for  himself  much  of  the 
pecuniary  results  of  his  labors.  He  sows,  but  the  miner  and  merchant 
and  manufacturer  and  mechanic  reap.  With  the  former  it  is  usually  sic 
vos  noH  vnhis:  it  is  usually  tulit  alter  honores.  But  those  engaged  in  scien- 
tific pursuits,  if  influenced  by  the  true  spirit,  will  find  their  reward  and 
compensation  in  tlie  delights  which  follow  philosophical  discovery  and  in 
the  proud  reflection  of  employing  the  intellect,  which  makes  man  but  a 
little  lower  than  the  angels,  upon  objects  worthy  of  its  divine  nature. 

I  congratulate  the  Association  on  the  auspicious  future  before  it.  The 
field  of  science  has  now  been  cleared  of  most  of  the  impediments  which 
come  from  prejudice,  ignorance,  and  bigotry.  It  is  no  longer  obstructed 
by  metaphysical  conceits  or  the  dogmatic  arrogance  of  sectarian  schools. 
The  utilitarian  spirit  of  the  Baconian  philosophy  everywhere  obtains. 
Even  the  tlieologiau  no  longer  opix)ses  the  revelations  of  God*s  law  from 
the  absurd  fear  that  trutli  could  be  made  a  successful  weapon  against  re- 
ligion; but  is  willing  to  believe  with  the  great  philosopher,  that  if  a  little 
knowledge  leads  to  scepticism,  complete  knowledge  conducts  to  faith. 
The  field  before  you  is  free  and  open,  and  the  grandest  discoveries  may 
be  expected  in  every  branch  and  department  of  science. 

We  shall  be  glad,  gentlemen,  if  you  find,  in  the  success  of  this  conven- 
tion, in  the  evidence  you  will  receive  of  our  sympathy  in  your  cause,  and 
in  the  hospitable  entertainment  of  our  city  and  its  citizens,  reasons  for 
carrying  away  with  you  pleasing  recollections  of  this  visit. 
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His  Excellency  Governor  Long,  representing  the  Commonwealth,  spoke 
additional  words  of  welcome  :  —  In  behalf,  also,  of  the  Commonwealth  of 
Massachusetts,  I  am  happy  to  extend  cordial  welcome  to  the  American 
Association  for  tlie  Advancement  of  Science.     It  was  organized  thirty- 
thn^e  yeai*s  ago  in  tins  her  capital  city,  and  it  holds  the  charter  of  it«  in- 
corpoi*ate  life  under  the  act  of  her  leji^slature.     It  has  enrolled  upon  its 
membership  the  names  of  sons  of  hei-s  who  by  their  contributions  to  the 
store  of  useful  knowledge,  have  paid  her  the  best  return  for  the  education 
she  gave  them.     Among  its  presidents  it  reckons  names  precious  in  her 
estimation  and  memory,  —  the  names  of  Agassiz,  Peirce,  Gould,  and  Gray. 
^Massachusetts  regards  the  true  advancement  of  science  with  no  jealous  or 
distnistful  eye,  but  rather  as  a  synonyme  for  the  gi*eater  happiness  of  the 
people,  the  better  mastery  of  nature,  the  foundation  of  a  surer  faith  in 
God  the  creator,  the  nearer  equality  of  a  democratic  state.     She  rejoices 
in  its  achievements  when  she  welcomes  from  all  the  States  of  the  Union 
such  an  illustrious  gathering  of  scientific  men  as  are  here  to-day  in  its 
interest.     And  when  she  heai*s  the  ring  of  its  hammer,  the  click  of  its 
chisel,  in  the  hands  of  her  own  artisans  and  mechanics,  who,  in  the  varied 
useful  and  homely  industries  of  civilization,  in  her  machine  shops,  at  the 
wheels  of  her  railroad  cars,  in  her  manufactories,  are  at  once  dignifying 
and  elevating  the  lot  of  labor,  the  craft  of  handiwork,  and  who  are  at  the 
same  time  contributing  to  the  enlargement  of  the  comforts,  the  opjwr- 
tunities,  the  usefulness  of  human  life,  and  to  the  common  weal  of  her 
citizens.    For  science  has  no  favorites  in  the  beneficence  of  its  results.    It 
discJoses  no  secret  that  is  not  echoed  around  the  globe.     If  it  electrify  the 
wii-e  with  mi^ssages  of  joy  or  of  appeal,  it  is  for  the  ear  of  the  humblest 
laborer  as  well  as  for  that  of  a  king.     If  Bigelow  invent  or  perfect  his 
loom,  it  is  that  the  floor  of  the  farmer's  cottage  may  be  carpeted  as  softly 
t<:)  the  fanner's  foot  and  as  tastefully  to  his  eye  as  if  he  were  a  merchant 
prince.     Whether  it  be  the  inventions  that  have  developed  the  exhanstless 
power  of  steam;  that  have  made  the  lightning  a  hand-maiden;  that  have 
rendered  warmth  and  light  cheap  and  common  comforts  for  all  alike;  that 
have  bettered  our  food;  that  have  provided  transportation  with  marvel- 
lous economy  and  speed,  or  that  have  enabled  the  remotest  provincial  to 
be  a  cosmoi)olite,  and  have  laid  the  world   under  contribution   to  the 
American  citizen,  high  or  low,  rich  or  jKjor,  science  has  taken  no  exclu- 
sive as  well  as  no  backward  stej).     Iler  march  is  like  that  of  the  sun. 
Eternal  dawn  and  brightening  go  before  her.      The  darkness  flies,  the 
shadows  disappear,  and  her  blessing  falls  on  all  the  world  alike.     It  is  in 
this   spirit   that   Massachusetts  welcomes  you  who  make  science   your 
mistress  and  who  minister  to  her  advancement.     If  there  be  within  our 
Commonwealth  jx)pulou8  and  busy  cities  and  towns,  alive  with  thrift  and 
industry,  singing  the  song  of  the  wheel,  the  hammer,  and  the  loom,  and 
sweet  with  homes;  if  there  be  institutions  of  learning;  if  there  be  pro- 
vision broadcast  for  the  education  and  elevation  of  all  her  children,  iude- 
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pendent  of  race  or  color  or  condition,  it  is  because  the  advancement  of 
science  has  made  all  this  possible  and  easy.  From  Franklin  and  Rum- 
ford  to  Morse  and  Bell,  Massachusetts  has  welcomed  and  fostered  every 
new  addition  to  scientific  enterprise  and  achievement.  And  yet  she  pays 
you  the  highest  compliment  by  asking  for  yet  more.  Her  farms,  her 
factories,  her  homes,  all  clamor  for  still  swifter  means  of  development 
and  product  and  comfort.  If  she  points  with  pride  to  her  great  names 
in  the  realm  of  scientific  research  and  progress,  she  also  points  to  them 
still  more  impressively  as  examples  of  what  yet  greater  things  this  gener- 
ation may  do  for  the  advancement  of  science  and  the  bettering  of  human 
life.  With  gratitude  and  respect,  with  also  expectation  and  demand,  I 
therefore  welcome  you,  gentlemen,  to  the  Commonwealth  of  Massachu- 
setts ;  a  Commonwealth  that  has  a  future  all  the  more  because  it  has  a 
history  and  a  past ;  the  Commonwealth  of  Adams  and  of  Andrew,  the 
Commonwealth  of  Franklin,  of  Agassiz  and  Morton,  of  Harvard  and  its 
sister  colleges,  the  Commonwealth  of  the  technical  institute  and  the  free 
school,  and  a  Commonwealth  that  sees  its  highest  destiny  in  the  highest 
advancement  of  the  knowledge  and  happiness  of  all  its  people. 

President  Morgax  responded  for  the  Association  in  the  following 
words  :  — 

Mr.  Chairman  :  The  Association  have  listened  with  pleasure  to  your 
address  of  welcome  to  the  city  of  Boston.  In  no  other  city  of  our  land 
'Are  better  appreciated  the  unity  of  the  sciences  and  the  brotherhood  of 
scientific  men.  These  are  central  ideas  of  this  Association  ;  and  when 
we  meet  among  a  people  whose  hospitality  is  vitalized  by  intelligent  sym- 
pathy, a  powerful  impulse  is  given  to  the  work  which  it  is  designed  to 
promote.  I  venture  to  predict,  sir,  that  this  meeting  will  become  memo- 
rable in  our  history. 

It  may  seem  singular  that  this  session  of  the  Association  should  be  the 
first  one  held  in  the  good  city  of  Boston  during  the  long  series  of  twenty- 
niue  annual  meetings.  It  has,  however,  met  at  Cambridge,  which  in  the 
public  eye  is  part  of  Boston.  We  cannot  and  we  ought  not  to  separate 
Cambiidge,  with  its  noble  university,  and  its  distinguished  body  of 
teachers,  from  Boston,  in  which  the  roots  of  Cambridge  are  planted. 
They  ai*e  **one  and  inseparable'*  in  association  as  in  fame. 

Thus  we  are  enabled  to  say  that  this  Association  is  indebted  to  Boston 
for  a  peerless  cluster  of  presidents  ;  the  illustrious  and  lamented  Agassiz, 
to  whom  American  science  is  so  deeply  indebted  ;  the  learned  and  gentle 
Wyman,  whose  loss  we  still  mourn  ;  these  have  ceased  from  among  us, 
and  their  departure  has  rounded  and  completed  their  fame.  Rogers, 
Peirce,  Gould,  Gray,  Ix)vering,  yet  remain  with  us,  and  therefore  we 
cannot,  on  this  occasion,  s|>eak  of  them  as  their  distinction  deserves. 
**  Seri  in  coelum  redeatis." 

The  Association,  Mr.  Chaiiman,  were  glad  of  the  invitation  to  hold 
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this  s^siou  in  the  metropolis  of  New  England  ;  in  a  city  which  has  long 
held,  and  still  holds «  the  front  rank  in  our  country  in  science  and  in  art, 
and  in  the  apprehension  of  the  principles  of  {x>litical  and  social  well- 
being  ;  where  coniiuercial  enterprise  has  always  been  an  instinct,  and 
commercial  honor  a  natural  sentiment.    The  members  of  this  Association, 
one  and  all,  desire  to  express  their  gi*atification  at  the  cordial  ternw  oi 
welcome  with  which  they  have  been  received.     It  gives  me  great  plea- 
sure, as  a  part  of  my  oihcial  duty,  to  return  their  thanks  to  the  people  of 
lioston  and  its  vicinity,  and  to  the  various  institutions  representing  its 
intellectual  life,  for  their  kind  efforts  to  render  this  meeting  pleasant  as 
well  as  successful.     Without  making  any  discriminations,  we  may  be 
allowed  to  notice  the  sj^ecial  means  for  our  accommodation  provided  by 
the  Institute  of  Technology.     We  are  glad  to  be  under  the  i-oof,  so  to 
speak,  of  the  ci)airman  of  the  local  committee. 

Mr.  Mayor:  The  American  Association  for  the  Advancement  of  Science 
is  popular  in  its  character,  as  it  should  I>e.  Investigators  in  all  depart- 
ments of  science  are  cordially  welcomed  to  its  membership.  By  this  free 
intercourse  of  persons  engaged  in  scientific  pursuits,  results  of  the  highest 
importance  are  constantly  attained.  The  young  are  stimulated  to  greater 
efforts  by  the  encouragement,  and  even  by  the  criticisms,  of  the  more 
advanced,  while  the  latter  gain  in  their  mental  scope  by  suggestions 
springing  from  younger  minds.  The  unseen  benefits  of  these  yearly 
meetings  in  arousing  the  minds  of  young  nien  and  prompting  them  to 
enter  upon  fields  of  labor,  no  doubt  far  exceed  the  benefits  which  are 
apparent.  The  quickening  power  thus  imparted  is  one  of  the  best  results 
of  our  Association. 

It  is  precisely  here,  Mr.  Mayor,  that  the  reception  accorded  to  this 
session  by  the  city  of  Boston  ha.s  its  deei>est  significance.  When  the 
meetings  of  tliis  Association  become  indifferent  to  the  communities 
among  which  they  are  held,  its  usefulness  will  be  near  its  end.  There 
is  a  direct  connection  l>etween  the  work  upon  which  its  members  are 
engaged  and  the  material  prosperity  of  the  country,  in  which  all  alike 
have  an  interest.  Scientific  investigations  iuscertain  and  establish  prin- 
ciples which  inventive  genius  then  utilizes  for  the  common  benefit.  We 
cannot  have  a  great  nation  without  gieat  development  of  the  industrial 
arts;  and  tliis,  in  its  turn,  (le]>ends  upon  the  results  of  scientific  dis- 
covery as  necessary  antecedents.  Material  development,  therefore,  is  inti- 
mately related  to  progress  in  science.  The  cordial  welcome,  Mr.  Mayor, 
which  you  have  extended  to  this  Association,  in  behalf  of  the  people  of 
lioston,  manifests  an  appreciation  of  the  relation  of  science  to  human  pro- 
gress which  is  coinplinientiiry  as  well  as  gi^itifying  to  its  mem\)ers.  We 
fervently  trust  that  the  results  of  this  meeting  will  not  disappoint  the 
public  expectivtion. 

Your  Excellency,  Governor  of  the  Commonwealth  of  Massachusetts: 
Without  iiitendiug  to  depart  from  the  proprieties  of  the  occasioa.  it  niay 
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be  proper  to  say  that  those  of  ns  who  come  from  beyond  the  Hudson  can 
but  feel  that  in  entoriiip^  Xew  Eugland  we  enter  the  birthplace  of  Ameri- 
can institutions.  To  some  of  us  it  is  the  land  of  our  fathers,  and  we  can- 
not approach  the  precincts  of  their  departed  presence  without  the  senti- 
ment of  filial  veneration.  Here  they  laid  broad  and  deep  the  foundations 
of  American  freedom,  without  which  American  science  would  have  been 
an  infant  in  1eading>strings  to-day.  Here  was  developed  the  Township, 
with  its  local  self-government,  the  basis  and  the  central  element  of  our 
political  systeni.  Upon  the  township  was  formed  the  County,  composed 
of  several  towns  similarly  organized  ;  the  State,  composed  of  several 
counties;  and,  finally,  the  United  States,  composed  of  several  States,  each 
organization  a  body  jwlitic,  with  definite  governing  powers  in  a  subordi- 
nate serias.  But  the  greatest  of  all,  in  intrinsic  importance,  was  the 
Township,  because  it  was  and  is  the  unit  of  organization  and  embodies 
the  great  principle  of  local  self-government.  It  is  the  restored  Attic 
Deme  of  CleLsthenes,  the  greatest  and  the  grandest  of  the  Grecian  ruins. 
Tyranny  and  baibaric  war  had  defaced  it  ;  ignorance  and  superstition 
had  buried  it  deep.  It  was  virtually  lost  to  mankind,  until,  after  twenty 
centunes,  it  was  reinvented  in  New  f^ugland.  It  is  at  once  the  greatest 
and  most  imj)ortaut  of  Arnerican  institutions,  because  it  determines  the 
character  of  the  state  and  national  governments.  It  is  also  historically 
significant,  because  it  shows  that  American  Democracy  may  justly  claim 
to  be  the  daughter  of  that  Athenian  Democracy  which  generated  and  pro- 
duced the  most  signal  outburst  of  genius  and  intellect  in  the  entire  his- 
tory of  the  human  race.  Nor  is  this  presage  of  the  future  without  its 
own  significance.  What  was  achieved  for  philosophy  and  art  under  the 
free  institutions  of  Athens  may  vet  be  achieved  for  science  in  the  evolu- 
tion  of  the  same  forces  in  America. 

^Ir.  Chairman  and  gentlemen,  with  a  grateful  appreciation  of  the  kind- 
ness of  the  ]x»ople  of  Boston,  the  Association  is  now  prepared  to  enter 
upon  the  regular  work  of  the  session. 

The  Permaxkxt  Secretary  gave  notice  that  the  following  members 
of  the  Association  had  died  since  the  last  meeting  :  — 

GKoK<iK  W.  Abhe,  of  New  York. 

K.  B.  Andukws,  of  Lancaster,  Ohio. 

lIoMKU  C.  Blakk,  of  New  York. 

F.  A.  Caians,  of  New  York. 

Caleb  Cook,  of  Salem,  Mass. 

Benjamin  F.  Mudqe,  of  Manhattan,  Kansas. 

Thomas  Nicholsox,  of  New  Orleans,  I^. 

Louis  Fkan<^oi8  de  Pouktaleh,  of  Cambridge,  Mass. 

The  financial  re^xnt,  also  presented  by  tlie  Permanent  Secretary, 
showed  a  balance  in  favor  of  the  Associatiou. 
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The  STAin>iNQ  Committee  was  then  completed  by  the  election  of  the 

following  six  Fellows  :  — 

N.  T.  LuPTON,  of  Nashville. 

F.  W.  Clarke,  of  Cincinnati. 

E.  T.  Cox,  of  Oakland. 

William  Harkness,  of  Washington. 

O.  T.  Mason,  of  Washington. 

S.  A.  Lattimore,  of  Rochester. 

On  motion  of  Prof.  Lupton,  it  was  voted  that  a  committee  be  ap- 
pointed by  the  President  to  prepare  a  message  of  greeting-  to  the  Brit- 
ish Association,  to  be  sent  by  cable.  Pix>fassoi*s  W.  B.  Kogers,  Asa 
Gray,  and  N.  T.  Lupton  were  appointed,  and  sent  the  following  despatch : 
'^  The  American  Association  for  the  Advancement  of  Science,  in  settsioa 
in  Boston,  sends  cordial  greetings  to  the  British  Association  at  Swansea, 
on  the  occasion  of  its  fiftieth  meeting.'' 

It  was  also  voted  that  the  President  be  requested  to  appoint  a  commit- 
tee of  three  to  propose  suitable  resolutions  of  regret  at  the  death  of  the 
late  General  Albert  J.  Myer  of  the  United  States  Signal  Service. 

The  General  Secretary  presented  a  list  of  four  hundred  and  tweuty- 
five  names  of  persons  i-ecommended  to  membership  by  tlie  Standiug  Com- 
mittee, and  the  same  were  duly  elected. 

After  the  reading  of  several  notices  by  the  General  Secretary,  the 
AKsociation  adjourned  to  meet  in  Sections. 

At  7.30  p.  M.  the  Association  again  met  in  General  Session,  in  Hunt- 
ington Hall,  to  hear  the  address  of  the  retiring  President,  Prof.  Gkorge 
F.  Bakkkk,  of  Philadelphia. 

Thursday,  August  26.  —  Camhridfje  Day.  The  Association  was  called 
to  order  at  11.30  A.  M.  in  Sanders  Theatre,  by  President  Morgan. 

Prof.  A.  M.  Mayer  read  an  eulogy  of  Joseph  Henry. 

Twenty  persons  proposed  by  the  Standing  Committee  were  duly 
elected  members. 

Dr.  J.  L.  Le  Conte  moved  that  the  Constitution  and  By-Laws  of  the 
Association  l>e  so  amended  as  to  establish  a  section  of  Biology.  This  wa^ 
voted  and  refeiTed  to  the  Standing  Committee. 

Tlie  Association  then  adjourned  to  meet  as  Section  B,  when  Vice 
Pi'CKident  Agassiz  delivered  his  address. 

Martin  Brimmer,  Esq.,  in  behalf  of  the  President  and  Fellows  of  Har- 
vard College  invited  the  members  of  the  Association  to  dine  in  Memorial 

Hall. 

Friday^  A  uguM  27.  —  A  General  Session  was  held  in  Huntington  ^1^^^, 
at  10  A.  M.,  President  Mougajn  in  the  chair. 
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One  hundred  persons  recommended  to  membership  by  the  Standing 
Committee  were  unaniinously  elected. 

After  the  reading  of  several  notices,  the  General  Session  adjourned  to 
meet  in  Sections. 

At  7.30  p.  M.  a  General  Session  was  held  in  Huntington  Ilall,  Presi- 
dent Morgan  in  the  chair. 

Prof.  A.  Graham  Bell  gave  his  paper  on  the  Photophone,  which  was 
illustrated  by  the  use  of  the  lantern. 

Saturdat/j  Auffust  2S.  —  Pi'esident  Morgan  called  the  General  Session 
to  order,  at  10  a.  m.,  in  Huntington  Hall. 

Twenty-one  persons  were  elected  to  membership  on  recommendation  of 
the  Standing  Committee. 

Various  announcements  were  made  for  the  day  by  the  General  and 
Permanent  Secretaries. 

Prof.  Stone  moved  that  a  Committee  on  Standard  Time  be  appointed. 
Seconded  by  Prof.  Keks,  and  referred  to  the  Standing  Committee. 
Adjourned  to  meet  in  Sections. 

Monday^  A  ugust  30.  —  General  Session  was  called  to  order  in  Hunting- 
ton Hall,  at  10.30  a.  m.,  President  Morgan  in  the  chair. 

On  the  recommendation  of  the  Nominating  Committee,  the  invita- 
tions from  Cincinnati  to  hold  the  next  meeting  in  that  city  were  accepted, 
and  the  17th  of  August  was  agreed  upon  as  the  time  for  the  next 
meeting. 

The  General  Secretary  then  read  the  following  cablegram:  — 
^*  To  the  Pi'esident  of  the  American  Association  for  the  Advancement 
of  Science,  Boston.  Massachusetts:  —  British   Association,  in  completing 
its  fiftieth  y^^ar,  returns  thanks  for  congratulations  to  its  brother  Associa- 
tion on  the  other  side  of  Atlantic. 

President  British  Association,  Swansea." 

The  General  Secretary  then  read  letters  from  the  Natural  History 
Society  of  Montreal  inviting  the  Association  to  hold  the  meeting  of  1882 
in  that  place.  Also  letters  from  the  Minnesota  Academy  of  Natural 
Sciences,  Governor  of  Minnesota,  Mayor  of  Minneapolis,  the  Geological 
and  Natural  History  Survey  of  Minnesota,  and  the  Board  of  Trade  of 
Minnea£)olis,  inviting  the  Association  to  hold  its  next  meeting  in  their 
State. 

Dr.  Dawson  made  a  few  remarks  with  refei*ence  to  the  Montreal  in- 
vitation. 

On  the  recommendation  of  the  Nominating  Committee,  the  following 
resolutions  were  passed :  — 

Resolved^  That  the  thanks  of  the  American  Association  for  Advance- 
ment of  Scieiice  be  tendered  to  the  Scientific  Society  of  Montieal  for  its 
cordial  invitation  to  meet  in  that  city  in  1882. 


748  EXECUTIVE  PKOCEEDINGS. 

Also  Resalvedy  That  the  thanks  of  the  American  Association  for  Ad- 
vancement of  Science  be  tendered  to  the  Governor  of  Minnesota,  the 
Mayor  and  City  Council  of  Minneapolis,  the  Geological  and  Natural 
Iliritory  Survey  of  Minnesota,  and  to  the  Board  of  Trade  of  Minnen|«)lis 
for  their  cordial  invitation  to  meet  in  their  State  in  1881. 

And  further  Resolved,  That  this  Association  trusts  that  the  invitations 
may  be  repeated  at  another  time. 

Reports  of  Committees  being  iu  order,  the  Pkksident  called  npon  the 
several  Chairmen. 

The  Permanent  Committee  on  Weights,  Measviresy  aud  Coinage  did 
not  report. 

Mr.  IIoLLF.Y  reported  progress  for  the  Committee  to  Memorialize  the 
Legislature  of  New  York  for  a  new  survey  of  Niagara  Falls,  and  asked 
that  the  Committee  be  continued. 

Report  accepted,  and  Committee  continued. 

Mr.  Hough  gave  an  abstract  of  the  Report  of  the  Committee  on  Ctil* 
tivation  of  Timber  and  the  Preservation  of  Forests. 

Report  accepted,  and  Committee  discharged. 

Committee  on  Internationed  Congress  of  Geologists  was  discharged. 

Committee  on  the  Yellowstone  National  Park  was  discharged. 

Committee  ou  Relation  of  Science  to  the  ludustrial  Arts  repcHied 
pi'ogress. 

Report  accepted,  and  Committee  continued. 

Committee  on  Meteorological  Researches  was  discharged. 

Committee  to  obtain  Permanent  Funds  was  continued. 

Committee  on  Membership  was  continued. 

Committee  on  Science  Teaching  in  the  Public  Schools  presented  their 
report  by  their  Chairman,  Dr.  £.  L.  Youmans,  which  was  accepted,  and 
the  Committee  was  discharged.  Jt  was  voted  that  the  members  of  this 
Committee  be  appointed  a  Committee  on  The  Best  Methods  of  Science 
TeachinjT  in  the  Public  Schools. 

Pmf.  IIaukness  re{K)rted  for  the  Committee  on  Amendments  to  the 
Constitution.  The  re|x)rt  was  adopted  and  ordered  to  be  printed,  and 
the  Committee  was  discharged. 

Mr.  Elliott  made  a  brief  report  for  the  old  Committee  on  the  Regis- 
tration of  lleaths,  Bii*ths,  and  Marriages. 

The  General  Session  then  adjourned  to  meet  in  Sections. 

Tuesday ,  Avr/iistSlst.  — General  Session  in  Huntington  Hall,  President 
Morgan  in  the  chair. 

Nine  persona  proix)8cd  for  membership  by  the  Standikg  CoMWfiTTmt 
were  dulv  eU»cted. 

Judge  Hendi^rson  moved  that  the  officers  for  the  next  meeting,  recom- 
mended by  the  Nominating  Committee,  be  elected  by  the  Secretary 
casting  one  ballot  for  the  whole  list,  which  was  voted,  and  the  offioen 
noiuiuated  were  declared  elected,  as  follows:  -^ 
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G,  J.  Brush,  President. 

A.  M.  Mayer,  Vice  President,  Section  A- 

C.  V.  Riley,  General  Secretary. 

John  Trowbridge,  Secretary  of  Section  A. 

William  Saunders,  Secretaiy  of  Section  B. 

W.  S.  Vaux,  Treasaror. 

Henry  Wheatland,  Thomas  Mkehan,  Auditing  Committee. 

The  election  of  Vice  President,  Section  B,  was  postponed  until  next 
General  Session. 

The  General  Secretary  then  read  the  following  Resolntionft  recom- 
mended by  the  Standing  Committee,  which  were  adopted:  — 

Resolved,  That  the  second  evening  of  each  Session  be  set  apart  for  the 
social  reunions  of  the  sevei-al  Sections,  the  object  of  which  shall  be  the 
promotion  of  the  personal  acquaintance  of  the  members  with  each  other. 

Also  Resolved,  That  such  reunions  shall  be  under  the  direction  of  the 
Sectional  officers,  who,  in  conjunction  with  the  Local  Committee,  shall 
make  for  such  reunions  all  necessary  arrangements,  which  shall  be  an- 
nounced in  the  circular  of  the  Local  Committee  when  practicable. 

The  following  Resolutions,  recommended  by  the  Standing  Comhit- 
tee,  were  also  adopted:  — 

Reso/eed^  That  the  American  Association  for  the  Adranoement  oi 
Science  recognizes  the  value  of  contemporaneous  observations,  at  numer- 
ous and  well  selected  stations,  and  with  standard  instruments,  as  a  first 
and  indispensable  condition  of  converting  meteorology  from  a  chaotic 
mass  of  useless  facts  into  a  science. 

Resolved,  That  this  Association  acknowledges  its  obligations  to  the  first 
Secretary  of  the  Smithsonian  Institution  for  originating,  supporting,  and 
cherishing  such  a  system  of  meteorological  observations  throughout  the 
vast  domain  of  the  United  States,  until  it  had  outgrown  the  resources  of 
the  Institution,  had  justified  its  continuance  by  its  proved  usefulness,  and 
had  awakened  the  fostering  interest  of  the  Government. 

Resolved,  That  in  the  opinion  of  this  Association  the  welfare  of  com- 
merce and  agriculture  and  the  comfort  of  every  member  of  the  commu- 
nity have  been  promoted  by  the  weather  reports  and  weather  charts 
which  have  been  issued  by  the  Chief  Signal  Service  at  Washington,  while 
they  have  at  the  same  time  furnished  food  for  scientific  thought. 

Resolved,  That  the  Association  feel  and  hereby  express  the  great  loss 
which  this  service  has  suffered  in  the  recent  death  of  its  chief  officer. 
General  A.  J.  Meyer,  whose  energetic  administration  of  novel  duties, 
seconded  by  his  able  corps  of  scientific  assistants,  has  commanded  uuiver- 
sal  res|vect  at  home  and  abroad. 

On  recommendation  of  the  Standing  Committee  it  was  voted,  That 
a  Special  C-ommittee  be  appointed  to  select  a  series  of  stars  suitable  foe 
standards  of  stellar  magnitudes,  and  to  report  to  the  Association  at  the 
next  meeting. 
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On  recommendation  of  the  Standing  CoMWiTTme,  a  Committee  on 
the  Registration  of  Deaths,  Births,  and  Marriages  was  appointed,  con- 
sisting of  E.  B.  Elliott,  F.  B.  Hough,  J.  B.  Killebrew,  Joseph  S. 
CoPKs,  E.  T.  Cox. 

The  following  Resolution  was  reported  from  the  Standing  Com- 
mittee :  — 

Whereas  to-day,  the  31st  of  August,  is  the  ninety-fifth  birthday  of 
M.  E.  Chevrkul,  senior  member  of  the  French  Academy,  therefore  be  it 
Resolcedy  That  the  American  Association  for  the  Advancement  of  Science,  » 
now  in  session  in  Boston,  send  him  its  hearty  congratulations,  witli  tlie 
hope  that  his  life  and  his  labors  may  be  prolonged  at  least  to  the  full 
century.  And  be  it  further  JResoloed^  That  the  President  of  the  Associa- 
tion be  hereby  instructed  to  officially  transmit  the  above  resolution. 

Prof.  Maykr  and  Mr.  Gaffield  made  a  few  remarks  on  the  eminent 
worth  of  M.  Chevreul,  and  the  Resolutions  were  adopted. 

Prof.  MixoT  made  a  communication  in  regard  to  the  pletbysmograph, 
and  invited  members  to  examine  the  apparatus. 

On  motion,  Pmf.  N.  T.  Lupton,  of  Vanderbilt  University,  was  added 
to  the  Committee  **  on  the  Best  Methods  of  Science  Teaching  in  the  Public 
Schools." 

On  motion  of  Prof.  I.  £.  Hasbrouck,  the  Association  proceeded  to 
ballot  for  Fellows. 

Judge  Henderson  and  Prof.  Hasbrouck  were  appointed  tellers. 

Prof.  Young  moved  that  the  tellers  make  their  report  in  print  at  the 
Morning  Session. 

Carried. 

The  Association  then  adjourned  to  meet  in  Sections. 

At  7.30  p.  M.  a  General  Session  was  held  in  Huntington  Hall  for  the 
pui*pose  of  hearing  Prof.  Hyatt's  paper  on  the  Transformations  of  Plan- 
orbis,  — a  practical  illustration  of  the  evolution  of  species,  —  with  stere- 
opticon  views.  This  was  followed  by  a  series  of  exhibitions  illustrative 
of  the  use  of  the  lantern-microscope.  After  which  was  an  exhibition  of 
microscopes,  accessory  apparatus,  and  objects,  under  the  auspices  of  the 
Section  of  Microscopy  of  the  Boston  Society  of  Natural  History,  in  tlie 
lower  rooms,  where  a  collation  was  also  served. 

Wednesday^  September  1.  The  last  day's  session  was  opened  at  10.40 
A.  M.,  President  Morgan  in  the  chair. 

The  list  of  Fellows  nominated  by  the  Standing  Committee  was 
declared  elected,  as  follows  :  — 

Prof.  W.  A.  Anthony,  Ithaca,  N.  Y. 
Henry  P.  Armsby,  New  Haven,  Conn. 
Prof.  W.  S.  Barnard,  Ithaca,  N.  Y. 
Prof.  W.  J.  Beal,  Lansing,  Mich. 
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Dr.  Emil  Besskls,  Smithsoniao  Institutdon,  Washington,  D.  C. 

Prof.  C.  £.  Bbsset,  Ames,  Iowa. 

Prof.  A.  S.  BicKMORE,  New  York,  N.  Y. 

Prof.  H.  P.  BowDiTCH,  Boston,  Mass. 

Prof.  A.  A.  Breneman,  Ithaca,  N.  Y. 

Alvan  G.  Clark,  Cambridgeport,  Mass. 

Verplanck  Colvin,  Albany,  N.  Y. 

Prof.  A.  J.  Cook,  Lansing,  Mich. 

Prof.  Lk  Roy  C.  Coolky,  Vassar  College,  Poughkeepsie,  N.  Y. 

Dr.  Thoma8  Craig,  U.  S.  Coast  Survey,  Washington,  D.  C. 

Prof.  C.  R.  Cross,  Institute  of  Technology,  Boston,  Mass. 

Prof.  A.  E.  DoLBEAR,  College  Hill,  Mass. 

Prof.  F.  P.  DuNNiN(»TON,  University  of  Virginia,  Va. 

J.  Rayner  Edmands,  Cambridge,  Mass. 

Henry  Edwards,  New  York,  N.  Y. 

Arthur  H.  Elliott,  School  of  Mines,  New  York,  N.  Y. 

Dr.  R.  J.  Farquharsox,  Davenport,  Iowa. 

Prof.  Edgar  Frisby,  Washington,  D.  C. 

Dr.  S.  A.  GoLDSCflMiDT,  New  York,  N.  Y. 

F.  A.  GoocH,  Newport,  R.  I. 

Clarence  King,  New  York,  N.  Y. 

Henry  C.  Lewis,  Germantown,  Pa. 

E.  P.  Lull,  Commander  U.  S.  N.,  Sitka,  Alaska. 

Lieut.  D.  A.  Lyle,  U.  S.  A.,  National  Armory,  Springfield,  Mass. 

Prof,  H.  N.  Martin,  Baltimore,  Md. 

Prof.  C.  C  Merriman,  Rochester,  N.  Y. 

Dr.  C.  S.  Minot,  Boston,  Mass. 

J.  Duncan  Putnam,  Davenport,  Iowa. 

J.  J.  Putnam,  M.D.,  Boston,  Mass. 

Pierre  de  P.  Ricketts,  New  York,  N.  Y, 

Prof.  H.  a.  Rowland,  Baltimore,  Md. 

J.  J.  Skinner,  New  Haven,  Conn. 

Mrs.  Erminnir  A.  Smith,  Jersey  City,  N.  J. 

Prof.  F.  H.  Smith,  University  of  Virginia,  Va. 

Alfred  Springer,  Ph.D.,  Cincinnati,  Ohio. 

Dr.  G.  M.  Sternberg,  Washington,  D.  C. 

J.  P.  Trembly,  M.D.,  Oakland,  Cal. 

Warren  Upham,  Nashua,  N.  H. 

Leonard  Waldo,  S.D.,  New  Haven,  Conn. 

Prof.  C.  K.  Wead,  University  of  Michigan,  Ann  Arbor,  Mich. 

Prof.  C.  O.  Whitman,  Tokio,  Japan. 

Prof.  A.  A.  Wright,  Oberlin,  Ohio. 

Nine  new  members  were  recommended  by  the  Standing  Committeb 
and  were  elected. 
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Dr.  6eor«e  Engelmann  of  St.  Lonis  was  reoommended  by  the  Novf- 
KATiNO  Committee  for  Vice  President  of  Section  B.     On  ballot  be  wag 

declai-ed  elected. 

The  Standixg  Committee  recommended  the  following  resolution, 
wliich  was  adopted  :  — 

Whereas  Dr.  Chaklks  T.  Jacksox,  one  of  the  founders  and  an  early 
President  of  the  Association  of  American  Geologists  and  Naturalists,  has, 
after  many  years  of  illuess  and  seclusion,  just  passed  away,  it  is  fitting 
that  this  Association  express  its  high  appreciation  of  his  long  and  valu- 
able services,  both  as  an  original  investigator  in  American  Geology  and 
Mineralogy,  and  as  a  teacher  of  Chemistry,  which  will  cause  his  name  to 
be  long  held  in  honor  and  in  grateful  remembrance. 

At  the  suggestion  of  the  Standing  Committee  the  following  was 
voted :  — 

That  any  member  of*  the  Association  who  pays  the  additional  sum  of 
Ten  Dollars  may  have  the  volumes  of  the  Proceedings  of  the  American 
Association  for  the  Advancement  of  Science  to  which  he  may  be  entitled^ 
which  are  issued  subsequent  to  the  payment,  bound  in  cloth;  and  on  the 
payment  of  Twenty  Dollars,  bound  in  one-half  Turkey  morocco. 

Prof.  Hakkness  made  a  few  remarks  in  regard  to  the  desirability  of 
recommending  the  next  Nominating  Committee  to  favorably  cooaider  the 
invitation  to  Monti-eal  in  1882. 

The  Secretary  then  read  the  following  resohitioo,  passed  by  the 
Standing  Committee  :  — 

Resolved,  That  the  Standing  Committee  most  earnestly  recommend 
to  the  Nominating  Committee  to  give  favorable  consideration  to  the 
invitation  to  meet  in  Montreal  in  1882. 

This  resolution  was  unanimously  adopted. 

Piincipal  Dawson  of  Montreal  thanked  the  Association  for  its  action.  • 

The  Permanent  Secretary  called  the  attention  of  the  Sectional 
Committees  to  a  meeting  for  the  transaction  of  important  business. 

Adjourned  to  meet  in  sections. 

The  closing  session  was  held  at  Huntington  Hall  at  8  p.m.,  President 
Morgan  in  the  chair. 

Thirteen  persons  were  elected  members  on  recomm9ndatk)Q  of  tlie 
Standing  Committee.  The  Committee  also  nominated  three  memberm 
for  Fellows,  and  they  were  elected.  [Their  names  are  included  in  the 
preceding  list  of  Fellows  elected.] 

The  General  Secretary  presented  a  resolntion  from  the  Stantjiko 
Committee  appointing  a  special  committee  to  wait  upon  his  Exoellency 
the  President  of  the  United  States,  la  rehUioQ  to  the  Signal  Service, 
which  was  adopted. 
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President  Moroax«  after  a  few  remarks  relating  to  the  oordial  recep- 
tiou  which  the  Associatioa  had  received  from  the  people  of  Boston  and 
vicinity,  called  for  such  resolutions  as  had  been  prepared  to  be  offered  at 
this  closing  session. 

Prof.  Ha  It  K  NESS,  after  appropriate  introductory  remarks,  offered  the 
following  :  — 

Rvmhedn  That  the  cordial  thanks  of  the  American  Association  for  the 
Advancement  of  Science  l>e  tendered 

To  his  Excellency  the  Governor  of  the  Commonwealth  of  Massachu- 
setts, and  to  his  Honor  the  Mayor  of  Boston ,  for  their  cordial  and 
eloquent  addresses  of  welcome  to  the  Association  on  the  occasion  of  ite 
oi»ening  session. 

To  Pmfessor  William  B.  Rogers,  for  his  eloquent  words  of  welcome, 
and  for  his  energy  and  perseverance  in  rendering  this  meeting  of  the 
Association  the  most  successful  and  imix)rtant  in  its  history. 

To  the  Corpoi-ation  of  the  Massachusetts  Institute  of  Technology,  for 
its  libei-ality  in  opening  its  buildings  and  all  their  facilities  for  the  use  of 
the  officers  and  members  of  the  Association  throughout  the  meeting  ;  also 
to  the  Faculty,  for  their  personal  attentions  to  the  wants  of  the  members 
and  visitors. 

To  the  Local  Committee  of  the  citizens  of  Boston,  and  esj^cially  to  its 
officera  and  to  the  members  of  the  Executive  Committee,  for  their  arduous 
labors  in  obtaining  funds,  and  in  arranging  so  admirably  for  railroad 
facilities,  for  lodgings,  for  the  mid-day  lunch,  and  for  the  hospitalitiai 
whicli  have  been  so  generously  provided  for  the  meml)ei'8  attending  the 
meeting. 

To  His  Honor  the  Afeiyor,  and  the  other  Municipal  authorities,  for  their 
liberal  provision  in  belialf  of  the  city  for  the  Harbor  Excursion  on  the 
2bth  ult.,  which  whs  so  much  enjoyed  by  the  members  of  the  Association. 

Seconded  by  Judge  Hrndkrsox,  and  enthusiastically  carried. 

Professor  Nason  then  proposed  the  following  :  — 

Rtmilvf.it ^  'J'hat  a  vote  of  thanks  be  tendered 

To  the  Boston  Society  of  Natural  History,  for  the  numerous  courtesies 
rendered  by  its  officers,  and  for  the  use  of  its  rooms. 

To  the  Trustees  of  the  Boston  Museum  of  the  Fine  Arts,  for  the  invi- 
tation to  visit  their  rare  and  beautiful  collections. 

To  the  President  and  Fellows  of  Harvard  College,  for  the  use  of  San- 
ders Theatre,  for  the  bountiful  collation  served  in  Memorial  Hall,  for 
the  invitation  to  the  Botanic  (Jarden  and  to  the  Observatory,  museums, 
laboratories,  and  other  departments  of  the  Univei-sity. 

For  tlie  delightful  receptions  given  by 

Prof,  and  Mi-s.  William  B.  llogers,  at  the  Hotel  Vendome, 
Dr.  and  Mrs.  A.  Graham  Bell,  at  Cambridge, 
Mr.  and  Mrs.  S.  Endicott  Peabody,  at  Salem. 
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The  resolution  was  seconded  by  Rev.  Mr.  Shackelford,  and  after 
remai'ks  by  several  members  was  unauimously  adopted. 

Professor  Lattimore  offered  the  following  :  — 

Resolved,  That  the  thanks  of  the  Association  be  given 

To  Dr.  Henry  Wheatland,  President  of  the  Esnex  Institute,  to  Judge 
William  C.  Endicott,  President  of  the  Peabody  Academy  of  Science,  and 
to  the  Salem  Committee,  for  the  interesting  and  profitable  visit  to  Salem 
and  its  scientific  institutions  on  Monday  last. 

To  the  Eastern  Railroad  Company,  for  the  nse  of  trains  to  <5onvey  the 
members  of  the  Association  to  and  from  Salem,  Rockport,  and  Marble- 
head,  and  for  their  great  hberality  in  furnishiug  trains  free  of  cost  for  tlie 
three  days'  excursion  to  the  White  Mountains. 

To  Messrs.  Samuel  H.  Scudder,  Edward  Burgess,  John  M.  Ordway, 
Charles  R.  Cross,  R.  H.  Richards,  W^illiam  H.  Niles,  J.  Rayner  Edmunds, 
Hamilton  A.  Hill,  Charles  L.  Jackson,  A.  P.  Rockwell,  J.  R.  Cliadwick, 
C.  F.  Folsom,  Nathan  Appletou,  E.  S.  Ritchie,  Charles  H.  W^illiams, 
Charles  E.  Fay,  Mi*s.  R.  H.  Richards,  and  Mi's.  W.  H.  Niles,  for  their 
veiy  kind  and  numerous  attentions,  and  as  representatives  of  the  many 
who  have  spared  no  pains  to  contribute  to  the  comfort  and  convenieuce  of 
the  members  of  the  Association. 

To  the  representatives  of  the  Press,  who  have  attended  its  meetings  and 
reported  its  proceedings  so  fully,  particularly  to  the  Boston  Daily  Adver- 
tiser for  the  arrangements  made  for  obtaining  extended  reports  of  the 
proceedings  of  the  various  Sections. 

To  the  following  Corporations  and  persons,  for  highly  appreciated 
attentions  and  valuable  services  :  — 

The  Western  Union  Telegraph  Company,  (Jeo.  F.  Mil  liken,  Manager. 

American  Rapid  Telegraphic  Dispatch  Company. 

American  Bell  Telephone  Company,  W.  H.  Forbes,  President* 

Dr.  A.  Graham  Bell,  for  special  telephone  conveniences. 

The  American  Academy  of  Arts  and  Sciences. 

The  Massachusetts  Historical  3ociety. 

The  Massachusetts  Hoi*ticultural  Society. 

The  Historic- Genealogical  Society. 

The  Society  of  Decorative  Art. 

The  Young  Men's  Christian  Association. 

The  Young  Men's  Christian  Union. 

The  Warren  Museum. 

The  Boston  Public  Library. 

The  Athenaeum  Library. 

The  Boston  Medical  Library. 

The  Trustees  of  the  Old  South  Church. 

The  Perkins  Institution  and  Massachusetts  School  for  the  Blind. 
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Commodore  George  M.  Ransom,  Commandant  Navy  Yard,  Charles- 
town. 

Colonel  T.  S.  Laidley,  U.S.A.,  Commandant  Watertown  Arsenal. 

The  South  Boston  Iron  Company. 

The  President  and  Faculty  of  Tufts  College. 

Mrs.  Thomas  P.  James,  of  Cambridge. 

The  New  England  Woman's  Club. 

Lieutenant  Commander  White,  of  the  U.  S.  training  ship  Minnesota. 

Mr.  James  B.  Francis  and  other  Manufacturers  at  Lowell,  and  the 
Boston  and  Ix>well  Railroad  Company  for  courtesies  extended 
on  Monday. 

The  Heliotype  Printing  Company. 

The  School  Committee  of  Boston. 

The  Principal  of  the  Chauncy  Hall  School. 

The  Adams  Express  Company. 

The  American  Express  Company. 

The  United  States  and  Canada  Express  Company. 

The  New  York  and  Boston  Despatch  Company. 

To  the  following  Railroads  for  reducing  their  rates  to  members  attend- 
ing the  meeting :  —  Concord,  Northern  New  Hampshire,  Central  Ver- 
mont, Boston  &  Providence,  Old  Colony,  Boston  &  Albany,  New  York, 
New  Haven  &  Hai-tford,  Eastern,  Boston  &  Maine,  Maine  Central,  Euro- 
pean and  North  American,  St.  John  &  Maine,  Michigan  Central,  Chicago, 
St.  Louis  &  New  Orleans,  Cleveland,  Columbus,  Cincinnati  &  Indianapo- 
lis, Union  Pacific,  Central  Pacific,  East  Tennessee,  Virginia  &  Georgia, 
Philadelphia,  Wilmington  &  Georgia,  Grand  Trunk,  Boston,  Concord  & 
Montreal,  Fitchburg  &  Uoosac  Tunnel  Line,  Vandalia  Line,  Bee  Line, 
and  Wabash  Line. 

This  resolution  was  most  heartily  seconded  and  endorsed  by  Rev.  H.  C. 
Ho  VET,  of  New  Haven,  Mr.  John  L.  Pboctbr,  of  the  Greok^cal  Survey 
of  Kentucky,  and  Dr.  J.  Lawrence  Smith,  of  Louisville,  and  was 
adopted  by  a  rising  vote. 

The  Permanent  Secretary  stated  that  as  a  slight  memorial  of  the 
Boston  meeting,  a  copy  of  the  Memoirs  of  the  Association  had  been,  by 
Tote  of  the  Standing  Committee,  presented  to  the  New  England 
Woman's  Club. 

After  remarks  by  several  members,  President  Morgan,  with  a  few 

concluding  words,  declared  the  twenty-ninth  meeting  of  the  Association 

adjourned. 

J.  K.  Rees, 

General  Secretary. 


766  EXECUTITE  PROCEEDINGS. 


REPORT  OF  THE  PERMANENT  SECRETARY. 

In  1847  the  *<  Association  of  Geologists  and  Naturalists ''  held  its  meet* 
ing  in  Boston ,  and  it  was  then  decided  that  the  usefulness  of  the  Association 
could  be  increased  bj  an  enlargement  of  its  objects,  and  the  adoptiofi  ol 
the  name  of  the  Americau  Association  for  the  Advancement  of  Science. 
After  a  third  of  a  centurj,  the  Association  met  for  the  first  time  in  its  natal 
city,  under  the  general  guidance  of  Professor  William  B.  Rogers^  as  Chair- 
man of  the  Local  Committee,  who  was  also  the  presiding  oflicer  at  its 
birth;  and  it  was  determined  that  the  time  had  come  when  the  Associa- 
tion, for  the  second  time,  should  open  its  doors  still  wider,  and,  by  the 
addition  of  other  departments  of  research,  give  a  still  broader  scope  to  its 
objects. 

The  changes  in  the  constitution  of  the  Association,  which  wiU  be  required 
in  order  to  introduce  the  new  sections,  will  be  reported  in  print  for  final 
action  at  Cincinnati.  It  need  only  be  stated  here  tiiat  the  proposed 
changes  provide  for  eight  sections,  and  a  permanent  subsection  (of  Micro- 
scopy), in  place  of  the  two  sections  and  the  several  subsections  which  have 
been  found  necessai'y  at  late  meetings. 

The  large  numl^er  of  members  present,  the  great  increase  in  the  number 
of  papers  entei-ed,  some  of  which  were  of  unusual  importance,  and  the 
gi*eat  addition  to  the  membership  of  the  Association,  inatlc  the  Boeton 
meeting  as  the  most  successful  ever  held,  while  the  perfect  arrangements 
and  elaborate  provisions  made  by  tlie  Local  Committee,  who  were  so  cor- 
dial ly  seconded  in  the  work  by  hundreds  of  the  liberal  citizens  of  Boston, 
as  well  as  by  its  Government,  were  decided  evidence  of  the  respect  and 
esteem  in  which  the  Association  is  held. 

Considering  all  that  was  done  for  the  comfort  and  entertainmemt  of  th« 
members,  the  generotis  hospitality  of  the  cit??,  the  oordifU  weloome  of  the 
Governor  on  the  pai-t  of  the  State,  and  the  liberality  of  the  Eastern  Rail- 
road Company^  as  well  as  the  hospitable  greeting  of  the  Corporation  mud 
officers  of  Harvard  University,  and  that  of  many  of  the  oitieens  of  Saleia^ 
on  the  days  devoted  to  visits  to  those  places  of  learning  and  culture,  th« 
members  of  the  Association,  certainly,  must  regard  tills  meeting  as  a  bril- 
liant success,  that  will  be  long  rmnembered  with  satisfaction  and  gratitude 
by  those  who  were  present,  and  have  additional  i-eav)n  to  feel  that  its 
founders,  a  third  of  a  century  ago,  acted  with  wisdom  and  far-eeeiag 
sagacity  when  they  laid  the  foundation  for  '^  migratory  meetings,  in  otxler 
to  promote  intercourse  between  those  who  are  cultivating  science  in  ditfer- 
ent  parts  of  theoounti-y,''  and  thus  provided  for  their  **  increased  facilities 
and  a  wider  usefulness.'* 

On  Wednesday  morning,  Ai]^ust  25,  1880,  the  president  of  the  last 
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meeting,  Professor  George  F.  Barker,  of  Philadelphia,  called  the  Associa- 
tiou  to  order  in  Huntington  Hall,  and  introduced  President  Morgan.  The 
Rev.  Dr.  George  £.  £lUs  offered  prayer,  and  remai'ks  were  then  made  by 
Professor  William  B.  Rogers  in  behalf  of  the  Local  Committee.  His 
Honor  Mayor  Pnnce  and  His  Excellency  Governor  Long,  extended  a  most 
cordial  welcoue  to  the  members  of  the  Association,  to  which  President 
Morgaa  responded.  The  formalities  of  organization  were  then  com- 
pleted. 

Sections  A  and  B,  and  the  Subsections'  of  Chemistry,  Microscopy,  and 
Anthropology,  were  called  to  order  by  their  officers  in  U^e  several  rooma 
in  the  building  of  the  Massachusetts  Institute  of  Technology,  and  [per- 
fected their  organization  by  electing  their  several  committees. 

At  one  o'clock,  a  bountiful  lunch  was  served  by  the  Local  Committee 
in  the  Gymnasium  of  the  Institute,  and  an  hour  and  a  half  of  sociability 
followed. 

At  half-paai  two  o'clock.  Vice  President  Hall,  of  Section  A,  delivei*ed 
hia  address  in  Huntington  Hall,  and  at  four  iQ'olock  Chairmen  Ordway 
and  Powell,  of  the  Subsections  of  Chemistry  and  Anthropology,  gave  their 
addresses  before  their  respective  sections.  In  the  evening  Professor  Barker 
delivered  the  presidential  address  to  a  large  audience  at  a  General  Session 
of  the  Association,  in  Huntington  Hall.  After  the  address,  a  reception 
was  given  to  the  ABSOciatiou  and  many  invited  guests,  by  the  Trustees  of 
the  Boston  Museum  of  Fine  Arts  at  the  Museum. 

During  the  day  the  Local  Committee  distributed  to  each  member  of  the 
Association  a  pocket  map  of  Boston  and  vicinity,  with  a  pamphlet  con- 
taining a  brief  account  of  the  Scientific  Institutions  in  Boston,  Cambiidge, 
and  Salem,  both  of  which  had  been  specially  prepared  for  the  occasion  by 
the  Local  Committee,  under  the  immediate  direction  of  Mr.  Samuel  H. 
Scudder.  On  the  walls  of  the  Local  Committee  room  several  large  maps 
and  plans  were  hung,  showing  the  different  horse-car  routes  of  the  vicinity, 
the  water-supply  system,  old  and  new  drainage  systems,  and  other  matters 
of  general  interest. 

A  special  poet-office,  telephone,  telegraph,  and  express  offices,  and  news- 
stand, were  established  in  the  Institute  building,  and  were  of  very  great 
serrice  to  the  members;  thanks  particularly  to  the  liberality  of  the  VY^estern 
Union  Telegraph  and  American  Bell  Telephone  companies. 

Many  invitations  and  offerings  of  courtesies  were  announced  on  the 
daily  programme  fi-om  the  various  institutions  of  the  city  and  vicinity, 
and  every  effort  was  made  to  convey  to  the  members  of  the  Association  a 
cordial  greeting. 

The  Entomological  Club  of  the  Association  was  more  largely  attended 
than  ever,  and  on  a  later  day  it  was  resolved  to  dissolve  the  Club  and  re- 
organize  as  a  permanent  subsection  of  the  Association. 

The  Association  of  Agricultural  Chemists  also  called  a  meeting,  to  be 
held  in  the  rooms  of  the  Boston  Society  of  Natural  History,  and  the  American 
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Chemical  Society  gaye  notice  of  a  dinner  of  members  of  the  society,  to  be 
held  at  Young's  Hotel,  on  Friday  evening. 

On  Tliursday  the  Association  held  its  General  Session  at  11  a.m.,  in  the 
Sanders  Theatre,  Cambridge,  at  which  Professor  A.  M.  Mayer,  in  behalf 
of  the  committee  appointed  at  a  previous  meeting,  read  an  eulogy  of  the 
late  Professor  Joseph  Henry.  Immediately  after  the  Association  met  as 
Section  B,  and  Vice  President  Agassis  deliyered  his  address.  At  half-past 
one  o'clock,  by  invitation  of  the  President  and  Fellows  of  Harvard  Col- 
lege, the  Association  took  dinner  in  Memorial  Hall,  Martin  Brimmer, 
Esq.,  of  the  corporation,  presiding. 

After  the  dinner  visits  were  made  to  the  Museum  of  Comparative 
Zoology,  the  Peabody  Museum  of  Arcliseology  and  Ethnology,  the  Physical 
Laboratory,  the  Mineralogioal  Cabinet,  the  Chemical  Laboratories*  the 
Library,  the  Gymnasium,  and  other  College  buildings  and  plaoes  of  interest. 
Special  receptions  were  also  held  in  the  afternoon  at  the  Botanic  Garden, 
the  Observatory,  and  at  the  room  of  the  Cambridge  Entomological  Club, 
and  at  Mrs.  T.  P.  James's.  *  At  six  o'clock  a  tea  was  given  to  the  Associa- 
tion at  the  Botanic  Garden,  followed  by  a  visit  to  the  Observatory,  and 
by  a  reception  at  the  house  of  Mr.  and  Mrs.  Alexander  Graham  Bell, 
the  members  returning  to  Boston  about  midnight. 

Friday  vma  given  to  solid  work  in  tiie  Sections,  after  a  short  General  Ses- 
sion in  the  morning.  The  intermission  between  the  morning  and  afternoon 
sessions  was  most  pleasantly  passed  at  the  Association  lunch^  furnished  by 
the  Local  Committee.  In  the  evening  Professor  Bell's  paper,  on  the  pho- 
tophone,  was  delivered  in  Greneral  Session  at  Huntington  Hall,  and  was 
followed  by  a  reception  at  the  Vendome,  given  to  the  Association  by  Mr. 
and  Mra.  William  B.  Rogers. 

After  the  General  Session  on  Saturday  mcaming,  the  sections  and  subsec- 
tions met  for  the  reading  of  papers. 

Section  A  was  temporarily  subdivided  by  the  separation  of  the  papers  on 
Physics  from  those  on  Mathematics  and  Astronomy.  Section  B  also 
made  a  temporary  division  into  Geology  and  Biology,  and  the  Subsection' 
of  Entomology  was  formed. 

By  invitation  of  His  Honor  the  Mayor  of  Boston,  the  Association  made 
an  excursion  down  the  harbor  on  the  steamer  Empii'e  State.  A  coliotiou  was 
provided  on  board  the  steamer  by  the  city  authoritiest  and  after  a  delightful 
trip  the  party  returned  at  seven  o'clock.  In  the  evening,  the  Nominating  and 
Standing  Committees  met  at  the  Vendome.  From  eleven  until  two.  o'dpck 
the  Woman's  Laboratory,  the  Biological  Lab6ratory,  amd  the  workshops 
attached  to  the  Institute  of  Technology  wei*e  open  to  members  oi  the 
Association  for  special  examination.  A  Guide  to  the  Museum  of  the 
Boston  Society  of  Natural  History,  specially  prepared  for  the  occasion 
by  Professor  Hyatt,  the  Curator  of  the  Museum,  was  distributed  to 
members  of  the  Association  during  the  morning,  as  was  also  a  guide- 
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book  of  Salem,  which  was  sent  with  the  compliments  of  the  Essex  Insti- 
tate.  On  Monday,  the  Mining  Laboratory  of  the  Institute  was  put  in 
operation,  under  the  direction  of  ProfesRor  Richards,  in  order  that  mem-? 
bers  of  the  Association  might  see  the  practical  way  in  which  instruction  in 
the  school  is  given,  and  Mrs.  Richards  also  explained  the  method  of 
instruction  given  in  the  Woman's  Laboratoiy.  Members  were  also 
particularly  invited  to  examine  the  Chauncy-Hall  School  House  during 
the  day.  The  Heliotype  Printing  Company  also  invited  all  interested  to 
visit  their  establishment,  and  see  the  process  of  photo-mechanical  printing. 
Professor  Farlow  opened  his  Ciyptogamic  collection,  at  Cambridge,  to  such 
as  wished  to  examine  it. 

At  the  Genera]  Session  in  Huntington  Hall  in  the  morning,  the  invitations 
to  hold  the  next  meeting  in  Cincinnati  were  accepted;  a  number  of  FeU 
lows  were  elected,  and  reports  were  received  from  several  special  commit* 
tees.  After  short  meetings  of  the  Sections  the  members  met  at  one  o'clock 
at  the  lunch  given  by  the  Ix)cal  Committee.  'J'he  afternoon  and  evening 
were  given  np  to  several  excui*sions  and  receptions.  About  four  hundred 
members  with  ladies  accepted  the  invitation  to  visit  Salem,  and  were  trans* 
ferred  to  and  from  the  city  by  a  special  train,  generously  furnished  by  the 
Eastern  Railroad  Company.  At  the  Salem  station  the  party  were  met  by 
the  Salem  Committee  and  conducted  to  the  Peabody  Academy,  the  Elssex 
Institute,  and  other  places  of  interest.  At  five  o'clock  the  members  were 
conveyed  in  carriages  to  Kernwood,  whei^  they  were  hospitably  en tert-ained 
by  Mr.  and  Mrs.  S.  Endicott  Peabody  at  their  beautiful  residence;  the 
party  returned  to  Boston  at  nine  o'clock,  after  a  very  en joyable  excursion, 
which  reminded  many  members  of  the  meeting  of  the  Association  held  in 
Salem  in  1869. 

The  Eastern  Railroad  also  furnished  free  tickets  to  such  of  the  members, 
as  wished  to  pass  the  afternoon  at  the  seaside  on  Cape  Ann,  and  to  thoset 
who  desired  to  make  a  geological  excursion  to  Marblehead,  and  many  took 
advantage  of  these  liberal  offers. 

The  Hon.  James  B.  Francis  very  kindly  aiTanged  for  a  visit  to  Lowell 
and  its  factories,  the  Boston  and  Lowell  Railroad  placing  a  special  car, 
free  of  charge,  at  the  disposal  of  the  Association.  Ou  the  arrival  of  the 
party  at  Lowell,  carriages  and  refreshments  were  provided  by  the  manu« 
faeturing  companies. 

On  Tuesday  officers  were  elected  for  the  Cincinnati  meeting,  after  which 
the  Sections  met.  The  recess  from  one  to  half-past  two  o'clock  was  enjoyed 
in  the  lunch  room,  and  the  Sections  were  in  session  all  the  afternoon.  In 
the  evening  Professor  Alpheus  Hyatt  delivered  bis  paper  on  the  Trans- 
formations o£  Planorbis,  as  a  populai*  lecture,  with  stereopticon  views,  ia 
Huntington  Hall.  This  was  followed  by  a  series  of  pictures  thrown  oq 
the  screen  by  the  use  of  the  lantern-microscope.  In  the  room  below  au 
important  and  instructive  exhibition  of  microscopes,  accessory  apparatusi 
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and  objects,  was  given  under  the  auspices  of  the  Section  of  Microscopy  of 
the  Boston  Society  of  Natural  History,  and  a  collation  was  served  in  the 
adjoining  hall. 

During  the  day  a  parfy  visited  the  Watertown  Arsenal,  by  invitation  of 
the  Commandant,  Ccdonel  Laidley,  to  see  the  machine  used  by  Govern meut 
for  testing  the  strength  of  materials.  Another  party  visited  the  Physio- 
logical Laboratory  of  the  Harvard  Medical  School,  by  invitatiou  of  Frofes* 
8or  Bowditch,  under  the  guidance  of  Dr.  Minot,  at  which  place  experiments 
with  the  plethysmograph  were  mada  Still  other  parties  accepted  the  spe* 
cial  invitations  to  the  Warren  Museum  of  Natural  History,  which  contains 
the  well-known  Warren  Mastodon;  the  Historical  Museum  at  the* Old 
South  Church;  the  Bunker  Hill  Monument;  and  by  invitation  of  the  Bos- 
ton School  Committee,'the  English  High  and  Latin  School,  and  the  Girls' 
High  School  A  number  of  members  also  made  a  visit  to  Tufts  College, 
by  invitation  of  its  President  and  Faculty. 

The  last  day  of  the  meeting  was  opened  by  a  General  Session  in  Hunting- 
ton Hall,  on  the  morning  of  Wednesday,  September  1,  and  after  a  brief 
session  the  Sections  and  Subsections  met  to  conclude  the  reading  of  pf^ers 
still  before  them,  adjourning  for  a  recess  and  to  meet  the  Local  Commit- 
tee at  its  concluding  lunch,  which  had  formed  such  an  agreeable  and 
essential  part  of  the  arrangements  made  by  the  Committee.  In  the  even- 
ing the  Association  again  met  in  General  Session,  and  after  the  transactioo 
of  the  final  business  of  the  meeting,  resolutions,  thanking  the  Local 
Committee,  and  the  many  individnals,  corporations,  and  societies  who 
had  so  generously  and  hospitably  extended  a  welcome  to  the  members  ol 
the  Association,  were  passed  with  much  enthusiasm,  after  being  seconded 
by  heartfelt  remarks  by  various  members.  President  Morgan,  in  a  few 
brief  words,  then  declared  the  Association  adjourned,  to  meet  in  Cincin- 
nati on  the  17th  of  August,  1881. 

The  adjournment  of  the  meetix^  was  followed  by  a  social  gathering  in 
the  hall. 

On  Thursday  the  Eastern  Railroad  generously  provided  a  special  train 
for  three  hundi'ed  members  of  the  Association,  for  a  trip  from  Boston  to 
the  Fabyan  House,  White  Mountains,  with  the  privilege  of  returning  free 
on  any  train,  on  or  before  September  4,  and  also  permitting  members  to 
exchange  their  passes  for  regular  tickets,  good  until  October  1,  by  the 
payment  of  a  small  sum.  Greatly  reduced  rates  were  also  made  for  round- 
trip  tickets,  good  until  September  15,  for  the  benefit  of  those  who  could 
not  go  on  the  special  train.  The  Boston,  Concord,  and  Montreal  Kailroad 
also  furnished  special  rates  for  the  Mountains  and  return,  and  the  several 
hotels  in  the  Mountains  made  special  rates  for  the  party.  At  9.20  A.M.y 
the  membei-s  of  the  Association  started  in  the  special  train  as  the  guests 
of  the  Eastern  and  Portland  and  Ogdensburg  Railroad  Companies,  under 
the  escoi't  of  the  Apalachian  Mountain  Club.    Lunch  was  served  on  the 
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traio  by  the  Local  Committee  of  Boston.  In  the  ereniug,  a  meeting  of 
the  Appalachian  Club  was  held  at  Fabyan's,  at  which  the  members  of  the 
Association  were  present.  After  the  adjournment  of  the  Club,  an  informal 
meeting  of  the  Association  was  held,  with  Professor  George  F.  Barker  in 
the  chair,  and  the  following  resolutions  were  unanimously  adopted:  — 

Re9(flve(i,  l^hat  the  members  of  the  American  Association  for  the 
Advancement  of  Science  who  have  enjoyed  the  excursions  so  generously 
tendered  by  the  Eastern  Railroad  Company  and  the  Portland  and  Ogdens- 
bnrg  Railroad  Company,  express  their  hearty  appreciation  of  the  kindness 
of  these  corporations  and  those  who  have  co-operated  with  them,  and  their 
pleasure  in  the  perfection  of  the  arrangements  made  to  render  their  journey 
deliglitf  ul  in  the  highest  degree. 

Resoloed,  That  the  thanks  of  the  excursionists  of  the  American  Associ- 
ation for  the  Adva!icenient  of  Science  are  hereby  tendei-ed  to  Messrs.  J. 
Rayner  Edmands  and  William  H.  Niies,  and  their  associates  of  the 
Bxcui-sion  Committee,  for  their  eflforte  in  behalf  of  the  nieuibei*s  of  the 
Associatioti  who  participated  in  the  AVhite  Mountain  trip. 

On  Friday  the  excursionists  ascended  Mount  Washington.  The  party 
then  separated,  many  remaining  about  the  mountains  for  some  time, 
while  others  returned  to  Boston  on  Saturday. 

An  excursion  was  also  provided  to  Moosehead  Lake,  at  greatly  reduced 
rates,  and  complimentary  passes  wei-e  issued  by  the  Boston  and  Albany 
Railroad  Company  to  those  members  who  wished  to  visit  the  Archei*y 
Tournament  at  Ridge  Hill  Farms,  the  gai-dens  of  Mr.  Hunnewell,  Welles- 
ley  College,  and  South  Natick,  the  place  of  the  Apostle  £liot*s  Indian 
work. 

A  summary  of  the  statistics  of  the  Boston  meeting  shows  that  there  were 
entered  on  the  register  997  names  of  persons  who  regularly  attended  tlie 
meeting,  including  members  and  invited  guests.  Six  hundred  and  three 
new  members  were  elected,  of  which  number  518  have  paid  the  admis- 
sion fee,  and  are  now  entered  on  the  roll  of  the  Association.  Nine  de- 
clined, I  has  died,  and  75  have  not  yet  been  heard  from  in  reply  to 
notices  sent.  Forty-six  members  were  made  fellows,  and  of  these  38  have 
accepted  at  this  date,  and  8  have  not  yet  replied  to  the  notices  informing 
them  of  their  election.  Eight  members  died  in  the  inteiTal  between  the 
Saratoga  and  Boston  meetings. 

Two  hundred  and  seventy-nine  papers  were  entered  for  reading  at  the 
meeting.  Of  these,  2  were  afterwards  withdrawn  by  their  authors;  I 
was  declined  as  not  coming  within  the  province  of  the  Association;  2 
were  read  in  General  Session,  and  135  were  read  either  in  full,  or  by 
abstract  or  title  in  Section  A,  and  139  in  Section  B,  including  their 
subdivisions.  One  hundred  and  thirteen  of  the  papers  were  accepted 
by  the  committee  for  publication,  and  85  were  received  from  their 
authors,  and  appear  in  this  volume,  in  addition  ta  the  several  addresses, 
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zeporU  of  committees,  and  the  eulogy  on  Professor  Henry.  A  oomber  of 
the  accepted  papers  were  offered  by  their  authors  too  late  for  publication , 
and  comparatively  few  were  handed  in  within  the  specified  time  of  one 
month.  In  this  connection  I  beg  to  urge  the  consideration  of  the 
following  plan  for  publication  of  papers  received  at  future  meet- 
ings as  one  which  will  not  only  make  the  early  publication  of  the 
annual  volume  practicable,  but  will  also,  perhaps,  better  serve  the 
interest  of  the  Association.  Namely  :  That  in  addition  to  the  pub- 
lication of  the  several  annual  addresses  and  the  reports  of  committees, 
a  short  abstract  be  given  of  every  paper  permitted  by  the  Sectional 
Committees  to  be  read,  unless  special  reasons  should  occur  for  its  omission, 
provided  the  author  of  a  paper  furnishes  the  abstract  to  the  Secretary  of  his 
section  during  the  meeting,  or  to  the  Permanent  Secretary  within  a  month 
after  adjournment.  Should  this  be  done,  the  annual  volume  would  give  a 
fair  presentation  of  the  subjects  brought  forward  at  each  meeting,  and 
probably  would  be  regarded  as  more  valuable  than  now  by  the  majority 
of  the  members. 

The  cash  account  for  the  year,  covering  the  period  embraced  between 
August  23,  1870,  and  August  23,  1880,  presented  at  the  Boston  meeting, 
is  more  satisfactory  than  for  many  years  preceding.  The  Life  Member- 
ship Fund  has  reached  the  sum  of  f882,  without  including  the  accrued 
interest  of  nearly  $100.  There  was  also  a  small  balance  of  over  980 
in  the  treasurer's  hands,  and  the  receipts  and  expenses  for  the  year 
leave  a  balance  to  the  next  general  account  of  $448.24.  This  good  result 
is  in  part  due  to  the  gifts  of  Messrs.  Vaux,  Flint,  and  Weld,  which,  as  will 
be  seen  by  the  statement  on  a  following  page,  amount  to  $131.00.  For 
the  other  items  reference  is  made  to  the  cash  account  in  this  volume. 

The  Standing  Committee  at  the  Boston  meeting  called  attention  to  the 
desirability  of  reprinting  some  of  the  volumes  of  Proceedings,  of  which 
copies  can  no  longer  be  supplied,  provided  the  necessaiy  funds  could  be 
obtained  by  subscription.  The  only  answer  yet  made  to  this  very 
important  request  is  the  receipt  of  one  subscription  from  a  member  in 
Virginia,  who  has  given  his  mite  for  the  purpose.  As  it  is  now  impos- 
sible to  till  ordei-s  for  complete  sets  of  the  Pixxjeedings  of  the  Association, 
except  as  odd  copies  of  Volumes  ii,  xxvi  and  xxvii  are  obtained,  it 
is  very  desirable  that  a  general  response  be  made  to  this  notice.  With 
the  exception  of  the  present,  none  of  the  volumes  of  Pit)ceedings  haye  been 
stereotyped.     Volume  i  was  reprinted  several  years  ag^. 

The  total  number  of  members  and  fellows  now  enrolled  is  1,555,  but  of 
these  10*2  are  in  arrears  for  the  three  assessments  of  St.  Louis,  Saratoga, 
and  Boston;  70  for  Saratoga  and  Boston,  and  125 for  Boston  alone,  which 
if  paid  would  amount  to  $1,767. 

The  number  of  members  and  fellows  on  the  list  a  year  ago  was  1,0869 
and  two  years  ago,  062.     At  this  date,  1,240  membera  and  fellovrs  have, 
paid  the  assessment  for  the  Boston  meeting. 
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Since  the  last  report  was  made,  1250  copies  of  the  Saratoga  volume  have 
been  printed,  and  886  have  been  distributed  to  members,  67  by  vote  of 
the  Standing  Committee  as  exchanges,  &e.,  and  49  copies  have  been  sold. 
Of  back  volumes,  9  have  been  distributed  to  members,  28  by  vote  of  the 
Standing  Committee,  and  203  have  been  sold  since  the  last  statement  wsa 
made.  One  copy  of  the  Memoirs  has  been  presented  to  the  Woman's 
Club  in  Boston,  and  3  have  been  sold. 

F.  W.  Putnam, 

Salem,  Mass.,  July  13th,  1881.  Permanent  Secretary. 
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V.  W.  PUTNAM,  PERMANENT  SEOKETART, 
Dr.  The  Ajieeican  AssociATioBr  toe 


To  Asaeesments  proyioas  to  the  28ih  Meeting     •    •    t540  00 
«'         for  Saratoga  28th  ««  .     .  1,658  00 

«<         for  Boston  20th  <'  .    .  1,085  00 


18,228  00 


Entrance  Fees,  —  St.  Louis    ..••...        95  00 

<«  *'        Saratoga     . 765  00 

«  ««         Boston 680  00 

M90  00 

Publications  and  Binding 140  75 

Fellowship  Fees 58  00 

Life  Membership  Commutation .     •        450  00 

General  Receipts :  — 

William  S.  Vaux,  Donation $100  00 

D.  B.  Flint,  *»  16  00 

W.  G.  Weld,  •«  26  00 

Postage  and  Discounts    •.••'••••  50 

Illustrations  for  Saratoga  Vol 22  00 

163  60 


•5,430  25 

Salem,  Mass.,  August  28,  1880.  " 

I  have  examined  the  above  aoeount,  and  oeitiff  tbil 
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US  ACCOTJNT  WITH 

THE  Advancement  of  Science.  Cr. 

1879-80. 
By  Balance  from  last  Account •    •    •      fl87  01 

Expenses  Saratoga  Meeting :  — 

General  Expenses  at  Saratoga      .....    $148  57 

Record  Book  for  St.  Committee 3  00 

500  copies  Constitution  and  List  of  Members,        38  25 

189  82 

Expenses  Saratoga  Vol.,  1,250  copies:  — 

Composition,  Paper,  and  Press-work     .     .      $1,673  88 

Illustrations 24  50 

Binding  1,215  in  Paper,  10  in  ^  Turkey,  25 

in  Cloth,  and  25  Cloth  Covers 380  00 

Wrapping  850  for  distribution 10  00 

Extra  Copies  of  Addresses,  and  Reports   .     •        45  26 

2,142  64 

General  and  Office  Expenses :  — 

Office  Kent  to  July  1,  1880 $100  00 

Janitor.,  1  year 25  00 

P.  O.  Box  Rent 4  00 

Subscription  U.  S.  Postal  Guide 1  50 

Scudder*s  Catalogue 5  00 

Postage  and  Stationery 209  87 

Tickets,  Circulars,  and  Blanks 161  75 

Expressage 18  55 

Telegrams 4  45 

Binding  Volumes  of  Proceedings      ....        47  92 

Extra  Assistants 34  46 

Fuel 16  25 

Volumes  bought 6  00 

Minor  Office  Expenses 10  89 

645  64 

Salary  Assistant  Secretary $366  00 

"       Permanent       »'  1,000  00 

1,366  00 

Life  Membei-ship  Fund 450  00 

Balance  to  new  account 448  24 


$5,430  25 


the  same  is  correctly  cast  aud  properly  vouched. 

Henry  AVheatland,  Auditor, 


SCIENTIFIC  INSTITUTIONS 

OF 

BOSTON   AND   YICINITY.* 


BOSTON. 

In  Boston,  the  different  societies  are  first  mentioned;  next,  the  educa- 
tional institutions,  excepting  such  as  belong  to  Harvard  University,  which 
will  be  found  under  Cambridge,  with  the  other  departments  of  the  Uni- 
versity ;  a  notice  of  the  Museum  of  Fine  Arts  closes  the  list. 

AMERICAN    ACADEMY    OF   ARTS    AND    SCIENCES. 

The  American  Academy  of  Arts  and  Sciences  was  founded  May  4, 1780, 
and  is,  with  the  exception  of  the  Philosophical  Society  of  Philadelphia, 
which  was  founded  a  few  months  earlier,  the  oldest  scientific  society  in 
America.  The  act  of  incorporation  states  that  the  **  Design  and  institu- 
tion of  said  Academy  is  to  promote  and  encourage  a  knowledge  of  the 
antiquities  of  America,  and  of  the  natural  history  of  the  country,  and  to 
determine  the  uses  to  which  the  various  natural  productions  of  the  country 
may  be  applied ;  to  promote  and  encourage  medical  discoveries,  mathe- 
matical disquisitions,  philosophical  inquines  and  experiments;  astronomi- 
cal, meteorological,  and  geographical  observations;  and  improvements  in 
agriculture,  arts,  manufactures,  and  commerce ;  and  in  fine,  to  cultivate 
every  art  and  science  which  may  tend  to  advance  the  interest,  honor, 
dignity,  and  happiness  of  a  free,  independent,  and  virtuous  people." 

The  former  Presidents  of  the  Academy  were  Governor  Bowdoin,  John 
Adams,  John  Quincy  Adams,  Charles  Francis  Adams,  Nathaniel  Bow- 
ditch,  John  Pickering,  Dr.  Jackson,  Dr.  Bigelow,  and  Dr.  Gray.  The 
number  of  Fellows  is  limited  to  two  hundred. 

The  rooms  of  the  Academy  are  in  the  Athenaeum  Building  on  Beacon 
Street,  Boston.  Here  will  be  found  a  valuable  Scientific  Library.  The 
meetings  of  the  Academy  for  the  presentation  and  the  discussion  of  scien- 
tific and  literary  papers  are  held  once  a  month  during  the  winter,  and  a 
volume  of  Proceedings  is  now  published  every  year.  By  means  of  a  fund 
left  by  Count  Rumford.  the  Academy  aids  investigations  on  Light  and 
Heat,  and  confers  the  Rumford  Medal  upon  those  who  have  made  valuable 
contributions  to  pure  science  or  applied  science  in  the  domain  of  light 
and  heat. 

*  Prepared  by  the  Local  Committee  of  the  American  Association  for  the  Advance- 
ment of  Science,  for  distribution  to  Members  of  the  Aasociation,  at  the  Boston  Meeting. 
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The  Academy  oelebrated  iU  centennial  in  June  last,  and  in  honor  of 
the  event  has  raised,  principally  from  among  its  own  members,  a  publica* 
iion  fund  of  considerable  proportions.  It  has  already  published  fourteen 
volumes  of  Memoirs  in  4to,  and  fifteen  volumes  of  Proceedings  in  8vo. 

Prof.  Joseph  Lovering  is  President  of  the  Academy,  and  Prof.  tJ.  P« 
CSooke  and  Prof.  John  Trowbridge,  Secretaries. 

BOSTON  SOCIETY  OF  NATURAL  HISTORY. 

This  Society,  founded  in  April,  1830,  has  just  celebrated  its  fiftieth 
anniversary.  After  having  been  established  successively  in  Pearl,  Tre- 
mont,  Mason,  and  Bulfinch  Streets,  it  now  occupies  one  third  of  a  square 
on  Berkeley  Street,  between  Boylston  and  Newbury  Streets,  a  gift  from 
the  State,  the  land  bordering  the  square  having  been  soM  at  a  premium 
sufficient  to  cover  the  cost.  The  building  itself  was  erected  in  1863  bj 
the  gifts  of  its  friends,  and  especially  of  Dr.  VV.  J.  Walker,  of  Newport, 
through  whom,  also,  the  larger  part  of  its  funded  property  was  derived. 
In  its  earlier  years  the  Society  was  continually  in  debt,  having  no 
funds  of  its  own  apart  from  the  members'  fees;  but  in  1840  it  came  into 
possession  of  $10,000  from  the  estate  of  Mr.  A.  S.  Courtis,  in  season  to 
save  it  from  the  fate  of  the  Linnoean  Society  of  New  Englatid,  which  pre- 
ceded it.  Since  that  gift  it  has  been  moi«  and  n[K>re  prosperous,  and  is 
now  one  of  the  most  flourishing,  as  well  as  best  endowed,  institutions  of 
the  kind  in  America. 

Scientific  meetings,  either  of  the  general  society  or  of  some  one  of  its 
sections,  are  held  weekly,  or  oftener,  during  the  season.  Its  library,  com- 
posed largely  of  the  publications  of  the  four  hundi^  learned  societies.with 
which  it  is  in  correspondence,  contains  about  20,000  volumes  and  pamphlets. 

It  does  not  attempt  to  accimiulate  great  stores  of  material  in  its  museum^ 
but  selects  only  such  as  may  be  of  the  best  educational  use,  and  attempts 
to  display  these  to  the  best  advantage,  hoping,  by  means  of  guide-hooks, 
to  render  these  available  to  all  in  the  highest  degi*ee.  These  collections 
are  ananged  in  a  serial  order  from  the  basement  to  the  upper  gallery,  and 
the  visitor  is  carried  irom  the  inorganic  kingdom  up  through  the  extinct 
animals  and  plants  to  the  existing,  in  such  a  way  that  he  can  scarcely  fail 
to  see  their  relations  to  one  another.  In  the  New  England  collections 
only  is  it  int(>nded  that  the  fullest  exposition  will  be  giveu.  Among  valu- 
able special  collections  in  the  Museum  may  be  mentioned  the  Wyman 
Collection  of  Comparative  Anatomy,  the  La  Fresnaye  Collection  of  Bii*ds, 
the  Piatt  Collection  of  Shells,  the  Harris  Collection  of  Insects,  the  Bailey 
CoUectic^n  of  Microscopical  Objt*cts,  and  the  Gi-eene  and  Lowell  Herbaria. 

In  the  laboratory  of  the  Society  instruction  is  given  in  natural  history 
to  the  stiideiitH  of  the  Institute  of  Technology  and  the  Boston  University, 
as  well  as  to  s^tecial  classes  of  teachers  and  students. 

Regular  courses  of  free  instruction  in  the  same  to^^cs  have  also  been 
given  for  several  winters  to  a  large  body  of  teachers  oi  the  public  schools, 
in  which  work  it  has  been  supported  by  a  sti'ong  public  sentiment,  and 
generously  aided  by  friends  who  have  supplied  the  necessary  funds.  This 
teaching  has  been  wholly  by  oral  lessons  upon  objects  in  the  bauds  of  all 
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the  piipils,  and  which  thej  hare  been  allowed  to  retain.  During  the  past 
winter  an  average  attendance  of  500  teachers  proved  the  success  of  the 
enterprise,  and  more  than  100,000  specimens  were  g^ven  away. 

The  Society  is  the  guardian  of  a  Prite  Fund,  intrusted  to  it  by  Dr^ 
Walker,  for  annual  and  ocojisional  prizes.  The  Annual  Prizes  to  the 
amount  of  ^.)0  oi-  $100  are  for  the  most  worthy  essays  in  response  to  que»* 
.tions  assigned;  the  Grand  Prize  of  from  $o()0  to  $1,000  is  given  every  five 
years  for  original  work.  It  has  been  twice  awarded:  the  first  time  to  Mr. 
A.  Agiissiz,  of  Cambridge;  the  second,  to  Dr.  J.  Leidy,  of  Philadelphia. 

The  Society  has  published  twenty-six  volumes  ol  l*i'oceedings  in  8vo.; 
sipven  volumes  of  the  Boston  Journal  of  Natural  History  in  8vo. ;  two 
volumes,  and  r»art  of  a  third,  of  Memoira,  in  4to.,  besides  a  volume  of 
Special  Memoii's  just  issuing  in  commemoration  of  its  fiftieth  anniversary; 
and  three  volumes  of  Occasional  Papers  in  8vo.  The  printing  is  done  in 
the  building. 

Mr.  S.  H.  Scudder  is  President  of  the  Society;  Dr.  S.  L.  Abbot  and 
Mr.  Edward  Burgess,  Secretaries;  and  Prof.  A.  Hyatt,  Custodian  of  th^ 
Museum. 

SOCIETY  OF  ARTS  OF  THE  MASSACHUSETTS  INSTITUTE 

OF   TECHNOLOGY. 

Th«  objects  of  this  Society  are  to  awaken  and  maintain  an  active  in- 
terest in  the  practical  sciences,  and  to  aid  generally  in  their  advancement 
and  development  in  connection  with  arts,  agriculture,  manufactures,  and 
commerce. 

The  Society  invites  all  who  have  any  valuable  knowledge  of  this  kind, 
which  they  are  willing  to  contribute,  to  attend  its  meetings,  and  become 
members.  This  Society  was  organized  in  ISOy,  and  now  numbers  over 
200  members.  It  holds  regular  meetings  at  its  room  in  the  Institute 
Building,  on  the  second  and  fourth  Thursdays  of  each  month  from  Novem- 
ber to  May  inclusive.  At  these  meetings  are  presented  communications 
on  various  subjects  of  applied  science,  with  the  exhibition  of  machines 
and  apparatus  illustrating  important  inventions  in  the  mechanic  and  use- 
ful arts. 

Prof.  William  B.  Rogers  is  the  President  of  the  Society,  and  Prof.  G. 
Lanza  its  Secretary. 

ARCHAEOLOGICAL    INSTITUTE    OF   AMERICA. 

The  ArchaBological  Institute  of  America  was  founded  in  1879  for  the 
purpose  of  promoting  archseological  investigation  and  research  in  this  con- 
tiuent  and  the  Old  World.  It  is  composed  of  Life  Members  who  have 
contributed  to  its  funds  at  one  time  not  less  than  8100,  and  of  Annual 
Meml)ers  who  contribute  annually  the  sum  of  ten  dollars. 

It  is  desired  by  the  founders  and  existing  members  of  the  Society  that 
its  lists  should  include  associates  from  all  parts  of  the  country.  The 
objects  of  Uie  Institute  have  no  narrow  local  interest.  It  hopes,  by  its 
work,  to  increase  the  knowledge  of  the  early  history  of  mankind,  to 
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quicken  the  interest  in  classical  and  Biblical  studies,  to  pix)mote  an  ac- 
quaintance with  the  pre-historic  antiquities  of  our  own  country,  and  to 
enlarge  the  resources  of  our  universities  and  museums  by  such  collections 
of  works  of  art  and  remains  of  antiquity  as  it  may  be  enabled  to  make. 

The  Institute,  therefore,  asks  for  and  claims  the  support,  not  only  of 
specialists,  scholai's,  and  men  of  science,  but  of  all  persons,  men  and 
women,  thi\)ughout  the  country,  who  take  an  interest  in  the  objects  it  has 
in  view.  Its  first  report,  forming,  with  the  accompanying  papers,  an 
octavo  volume,  was  publiHhed  a  few  months  ago.  During  the  current 
year  it  will  conduct  investigations  in  New  Mexico  and  in  Asia  Minor. 

Prof.  Charles  Eliot  Norton  is  President  of  the  Institute,  and  Mr.  E. 
H.  Greeuleaf,  Secretary. 


APPALACHIAN    MOUNTAIN   CLUB. 

The  Appalachian  Mountain  Club  was  organized  in  January,  1876,  for 
the  encouragement  of  geographical  research  and  mountain  exploration  in 
the  eastern  portion  of  the  United  States.  Its  live  departments  treat  of  Nat- 
ural History,  Topography,  Art,  Exploration,  and  Improvement.  So  far, 
the  principal  field  has  been  in  the  White  Mountain  region.  Much  useful 
topographical  work  has  been  done,  partly  in  connection  with  the  United 
States  Coast  Survey,  and  the  Geological  Survey  of  New  Hampshire. 
Sevei*al  novel  sui-veying  instruments  for  use  among  the  mountains  have 
been  invented,  including  a  topographical  camera,  micrometer  level,  port- 
able plane  tables,  &c.  The  department  of  Improvements  has  secured 
the  construction  of  numerous  paths,  including  those  on  Mounts  Adams, 
Carrigain,  Willey,  Tecumseh,  and  Moat;  also,  thi-ough  Carter's  Notch, 
Adams\s  Ravine,  and  Greeley's  Notch.  Some  of  the  grandest  scenery  in 
New  England,  before  rarely  visited,  is  thus  rendered  easily  accessible. 
Monthly  meetings  are  held  in  the  winter  at  the  M assachu.se tts  Institute 
of  Technology,  at  which  papers  are  read  and  discu»«ed,  and  afterwards 
published  in  ^'Appalachia,''  the  organ  of  the  Club.  Similar  meetings  are 
held  during  the  summer  among  the  mountains,  thus  securing  the  interest 
and  aid  of  the  summer  visitors  in  carrying  out  and  extending  the  work  of 
the  Club.  By  a  pi-ocess  of  rapid  and  continuous  growth,  Uie  membership 
of  the  Club  now  includes  over  two  hundred  and  fifty  ladies  and  gentlemen. 

Prof.  Charles  R.  Cross  is  President  of  the  Club,  and  Messrs.  Rest  F. 
Curtis  jiud  J.  B.  llenck  Jr.,  Secretaries. 

MASSACHUSETTS   HORTICULTURAL  SOCIETY. 

This  Society  was  organized  in  1829,  **for  the  purpose  of  enconragiog 
and  improving  tlie  science  and  practice  of  Hortictiltui*e,  and  promoting 
the  amelioration  of  the  various  species  of  trees,  fruits,  plants,  and  vegeta- 
bles, and  the  introduction  of  new  species  and  varieties."  It  is  now,  with 
Uie  exception  of  the  Pennsylvania  Horticultural  Society,  the  oldest  insti- 
tutiou  of  the  kind  in  the  country.  The  most  prominent  means  by  which 
it  has  sought  to  promote  the  objects  for  which  it  was  founds  lias  been 
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weekly  and  annual  exhibitions  of  horticultural  products  in  their  seasons, 
which  were  commenced  immediately  on  its  formation,  and  have  been  con- 
tinued every  succeeding  year.  It  has  paid  in  prizes  for  objects  exhibited 
at  these  shows  more  than  one  hundred  thousand  dollars. 

Another  prominent  means  of  advancing  the  objects  of  the  Society,  and 
probably  the  most  interesting  to  the  members  of  the  American  Association 
for  the  Advancement  of  Science,  is  the  Library,  which  was  commenced 
immediately  after  the  formation  of  the  Society,  and  is  now  by  far  the 
most  extensive  horticultural  library  in  the  country.  It  contains  more  than 
3,500  volumes,  among  which  are  many  costly  botanical  works,  and  nearly 
a  thousand  pamphlets. 

During  the  winter  months,  meetings  for  the  discussion  of  horticultural 
subjects  are  held  by  the  Society.  These  discussions  are  published  in  the 
Transactions  of  the  Society,  which  now  fill  seven  octavo  volumes.  A 
history  of  the  Society  for  the  fifty  years  of  its  existence  is  now  passing 
through  tlie  press. 

In  1831  the  Society  established  the  cemetery  at  Mount  Auburn,  the 
first  of  its  kiud  in  the  country,  and  may  therefore  claim  to  be  the  parent 
of  all  the  rural  cemeteries  in  the  United  States.  It  still  continues  to 
receive  a  proportion  of  the  proceeds  of  sales  of  lots,  which,  with  its  in- 
come from  other  sources,  has  given  it  more  ample  means  for  the  promotion 
of  horticulture  than  is  possessed  by  any  other  horticultural  society  in  the 
country.  lu  184^5  the  Society  completed  a  hall  for  its  exhibitions,  which 
is  believed  to  be  the  first  building  ever  erected  anywhere  for  similar  pur- 
poses.    The  present  hall,  on  Ti'emont  Street,  was  completed  in  1865. 

Hon.  Francis  B.  Hayes  is  the  President  of  the  Society,  and  Mr.  Robert 
Manning,  Secretary. 

MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY. 

This  institution  was  incorporated  in  1861,  **  for  the  purpose  of  es- 
tablishing and.  maintaining  a  Society  of  Arts,  a  Museum  of  Arts,  and  a 
School  of  Industrial  Science." 

The  Society  of  Arts,  of  which  a  special  notice  is  given  above,  num- 
bers between  two  and  three  hundred  members,  and  meets  in  the  In- 
stitute Building  twice  a  month,  from  October  to  May,  inclusive.  The 
Museum  embraces  working  models  of  machinery,  apparatus,  casts,  prints, 
drawings,  architectural  plans,  etc.,  as  well  as  minerals  and  fossils,  chiefly 
at  present  in  the  keeping  of  the  Society  of  Natural  History. 

The  School  of  Industrial  Science,  whick  is  the  central  and  roost  im- 
portant feature  of  the  Institute,  provides  a  series  of  scientific  and  literary 
studies,  and  practical  exercises  embracing  pure  and  applied  Mathematics, 
the  Physical  and  Natural  Sciences  with  their  applications.  Drawing,  the 
English  Language,  Histoi-yand  Political  Economy,  French,  and  German; 
th&9e  studies  and  exercises  being  so  arranged  as  to  offer  a  liberal  and 
practical  education  in  preparation  for  active  pursuits,  as  well  as  a 
thorough  training  for  special  scientific  professions. 

The  Regular  Courses  of  the  School  are :  1.  Civil  and  Topographical 
Engineering;  2.  Mechanical  Engineering;  3.  Mining  Engineering,  or 
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Geology  and  Mining ;  4.  Building  and  Architecture  ;  5.  Chemistry; 
6.  Metallurgy;  7.  Natural  History;  8.  Physics;  9.  Science  and  Litera- 
ture; 10.  An  Elective  Course. 

Each  of  these  courses  extends  through  four  years,  and  for  proficiency  in 
any  one  of  them  the  degree  of  Bachelor  of  Science  is  conferred.  Ad- 
vanced courses  of  study  may  be  pursued  for  the  degree  of  Doctor  of 
Science.  Provision  is  also  made  for  those  who  wish  to  pursue  only  special 
portions  of  the  regular  courses. 

Instruction  is  given  by  lectures  and  recitations,  and  by  practical  exer- 
cises in  the  laboratories,  the  drawing-rooms,  and  in  the  field;  these 
exercises  being  esteemed  indispensable  as  well  for  their  educational  train- 
ing as  their  professional  use.  Separate  laboratories  are  prpvided  for 
Chemistry,  Physics,  Mechanical  Engineering,  Mining  Engineering, 
Metallurgy,  Mineralogy  and  Lithology,  and  some  branches  of  Natural 
History.  The  drawing-ix>om8  are  well  equipped,  and  the  elasses  in 
Engineering,  Industrial  Chemistry,  Architecture,  etc.  have  the  use  of 
objects,  models,  and  drawings  appropriate  to  their  work.  There  ai^ 
also  special  laboratories  for  the  instruction  of  women. 

A  School  of  Mechanic  Arts  has  been  established  for  manual  instmction 
in  the  use  of  tools,  etc.,  which,  while  affording  needful  training  to  the 
students  in  Engineering,  provides  courses  of  shop-work,  combined  with 
appropriate  studies  for  those  who  aim  to  engage  in  mechanical  pursuits, 
rather  than  to  become  scientific  engineers. 

Adjoining  the  principal  building  of  the  Institution  are  the  work-shops, 
the  Women's  Laboratory,  and  the  Gymnasium,  the  latter  also  used  for 
military  drill. 

The  Institute  further  provides  afternoon  or  evening  free  courses  of  in- 
struction, scientific  and  literary,  open  to  both  sexes,  supported  at  present 
bv  the  Trustee  of  the  Lowell  Institute,  who  also  maintains  in  the  Insti- 
tute  a  School  of  Industrial  Design. 

The  published  record  of  the  alumni  shows  that  a  very  large  proportion 
of  the  graduates  of  the  Institute  of  Technology  are  holding  important 
positions  in  connection  with  railroads  and  other  constructions,  mines, 
chemical  and  metallurgical  works,  and  other  manufactories,  or  as  teachers 
of  science. 

The  Corporation  of  the  Institute  consists  of  thirty-six  members,  exclu- 
sive of  the  Governor  of  the  Commonwealth,  the  Chief  Justice,  and  the 
Secretary  of  the  Board  of  Education,  who  are  members  ex  officiis,  Th4f 
Officers  of  Instruction  are  sixteen  Professors,  composing  the  Faculty  of 
the  School,  nine  instructors,  and  about  an  equal  number  of  assistants. 

The  President  of  the  Institute  is  Wm.  B.  Rogers,  LL.D.,  and  the 
Chairman  of  the  Faculty  is  Prof.  John  M.  Ordway. 


BOSTON  UNIVERSITT. 

The  School  of  Liberal  Arts  was  organized  at  the  establishment  of  the 
University,  in  1873.  All  its  scientific  courses  are  given  by  Professors  of 
the  Massachusetts  Institute  of  Technology,  and,  with  the  exception  of 
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Biology  And  Zoology,  within  the  walls  of  that  institution.  In  each  case 
the  instruction  is  expressly  arranged  for  the  class,  and  illustrated  by 
collections  and  apparatus  of  the  Institute.  These  courses  include  the 
following:  — 

ChemUtry,  Sixty  hours,  lectures  and  laboratory  work;  given  by  Pi'of, 
Wiliiaui  Ripley  Nichols,  to  the  Junior  Class. 

Physics,  One  hundred  hours,  lectures  and  laboratory  work ;  given  by 
Prof.  Charles  H.  Cross,  to  the  Sophomore  Class. 

GeoUtyy.  Forty  hours,  lectures  and  recitations;  given  by  Pix)f.  William 
H.  Xiles,  to  the  Junior  Cla^s. 

Botany.  This  is  an  elective  study.  The  coui'se  includes  twenty  hourSi 
and  i«  given  by  Prof.  John  M.  Ordway,  to  students  of  the  Junior  Class. 

Bioloyy  and  Zoology,  This  course,  which  is  also  elective,  comprises 
eighty  Ikoura  of  lectures  and  laboratory  work.  It  is  given  in  the  Labora> 
tory  of  the  Boston  Society  of  Natural  History,  by  Pi-of.  Alpbeus  Uyatti 
to  students  of  tlie  Junior  and  Senior  Classes. 

Astronomy.  This  couree  is  elective,  includes  twenty-five  hours,  and  is 
given  by  Prof.  Charles  U.  Cross,  to  students  of  the  Senior  Class. 

BOSTON  OPTICAL    WORKS. 

The  Boston  Optical  Works,  of  which  Mr.  Charles  Stodder  is  the  agent, 
has  acquired  a  wide  reputation  for  excellent  workmanship  in  the  construc- 
tion of  microscopes  and  telescopes,  but  it  is  chiefiy  known  by  the  optical 
achievements  of  Mr.  U.  B.  Tolles.  The  following  are  some  of  Uie  results 
accomplished  by  Mr.  Tolles  :  — 

(a.)  In  the  matter  of  definition  of  objectives  his  \  was  the  first  to  yield 
photographs  of  Amphipleu  a  pellucida. 

(b.)  Invention  and  practical  development  of  telescopes  of  short  focos. 
Quadruple  cemented  object-glasses  (1864). 

(c.)  Fii"st  adaptation  of  amplifiers  to  the  microscope  in  1857.  Com- 
pound amplifier  requiring  no  special  adjustments. 

(d.)  The  first  demonstration  of  the  possibility  of  larger  angles  for 
immersion  tlian  for  dry  lenses. 

(e.)  The  first  development  and  utilization  of  the  new  apertures  of 
microscope  objectives.  In  these  new  apertures,  the  angle  is  advanced 
beyond  the  critical  angle. 

(/.)  The  first  publication  of  the  plan  of  4  system  objectives  with  duplex 
front. 

(g.)  The  central  traverse  lens,  fii-st  used  in  1870. 

(h.)  Invention  of  the  device  of  the  radial  arm  for  the  rotation  of  the 
sub-stage  concentrically  al)out  the  object  und«'r  view,  in  1870. 

(/.)  The  illuminator  front  for  the  illumination  of  opaque  objects,  pub- 
lished in  1806. 

(J.)  The  binocular  eye-piece,  patented  in  1800,  and  the  solid  eye-piece, 
patented  in  18.>5;  with  adjustment  for  different  thicknenses  of  slides. 

(i;.)  Apparatus  for  illumination,  having  a  lateral  concentric  rotation. 


774  SCIENTIFIC  INSTITUTIONS 


MUSEUM  OF  FINE  ARTS. 

The  Museum  of  Fine  Arts  is  situated  at  the  comer  of  St.  James  Avenue 
and  Dartmouth  Street,  upon  land  given  by  the  city  to  an  incorporated 
Board  of  Trustees,  on  condition  that  the  collections  should  be  free  to  the 
public  on  one  day  of  each  week.  This  is  the  case  on  Saturdays,  and  aLso, 
by  special  permission  of  the  Trustees,  on  Sundays,  from  1  to  5  p.  m.  The 
total  number  of  visitore  during  the  past  year  waS  157,191. 

The  present  building,  designed  by  Messrs.  Stui-gis  and  Bngbam,  and 
erected  from  funds  derived  from  private  subscription,  is  but  one  side  of 
t^  intended  edifice,  which,  when  completed,  will  be  in  the  shape  of  a 
parallelogram,  having  a  gi-eat  court  roofed  with  glass  in  the  centre,  high 
enough  to  contain  casts  of  the  largest  size,  such,  for  instance,  as  a  cast  of 
the  column  of  Trajan,  the  facade  of  the  Parthenon,  etc.  By  using  terra- 
cotta enrichments  upon  the  building,  the  Trustees  hoped  to  encourage 
the  use  in  this  country  of  a  highly  endurable,  comparatively  cheap, 
and  thoroughly  artistic  material  for  decorative  purposes,  and  thus  maJie 
the  very  walls  of  the  edifice  serve  an  educational  purpose.  The  terra- 
cotta work,  made  in  England  by  Messrs.  Blashfield  &  Co.  expi-essly  for 
the  Museum  building,  consists  of  mouldings,  crockets,  finials,  and 
other  architectural  details;  of  two  large  bas-reliefs  representing  the 
Grenius  of  Art  welcoming  all  nations,  and  the  union  of  Art  and  Indus- 
try ;  and  of  a  series  of  portrait  heads  in  roundels  of  the  most  celebrated 
artists,  ancient  and  modern.  Among  them  are  those  of  Pericles,  Lorenzo 
de'  Medici,  and  Pi-ince  Albert,  as  respectively  the  most  illustrious  pro- 
moters of  Art  in  antiquity,  in  the  period  of  the  Renaissance,  and  in  our 
own  time. 

First  Floor. 

On  entering  the  building  the  visitor  finds  himself  in  a  spacious  hall, 
containing  modem  marbles,  the  most  notable  of  which  are  Crawford's 
Orpheus,  his  group  of  Hebe  and  Ganymede,  Matthise's  bust  of  Beethoven 
on  a  richly  sculptured  bracket,  Monteverde's  First  Inspiration  of  Chris- 
topher Columbus,  etc.  On  the  left-hand  side,  at  the  back  of  the  hall,  ai*e 
fragments  of  ancient  marbles  found  at  Rome.  These  are  set  in  the  wall 
after  the  Roman  fashion.  The  dooi*-way  on  the  opposite  side  of  the  hall 
opens  into  the  room  containing  the  Way  collection  of  Egyptian  an- 
tiquities, with  which  the  visitor  should  Iwgin,  passing  from  it  through 
the  succeeding  rooms,  which  contain  a  chronologically  arranged  series  of 
casts,  illustrative  of  the  history  of  sculpture  from  about  700  B.  c.  to  the 
end  of  the  sixteenth  century  of  our  era. 

Efjiiptian  Room.  — The  two  statues  of  the  goddess  Pascht,  the  fragments 
of  a  colossal  figure  and  the  throne  on  which  it  sat,  the  lid  of  a  sarcopha- 
gus in  basalt,  and  the  capitals  in  sandstone,  were  procui*ed  in  Egypt,  in 
1835,  by  the  late  Mr.  Jolui  Lowell.  To  the  left  of  the  door  on  entering 
is  a  flat  case  containing  **  squeezes,*'  or  impressions  on  wet  paper  from 
Temple  sculptures  in  Egypt,  and  at  the  end  of  the  room,  above  the  door, 
the  cast  of  a  bas-relief  on  the  northern  wall  of  the  Temple  of  Kamak  repre- 
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senting  Seti  I.  (b.  c.  1458)  attacking  a  fortress  in  Palestine.  The  flat 
cases  under  the  windows  contain  a  great  number  of  charms,  amulets, 
scarabsei,  etc. 

The  mummy  cases  in  the  centre  of  the  room,  and  those  set  up  against 
the  wall  to  the  right  of  the  door  on  entering,  are  so  arranged  as  to  show 
the  several  cases  in  which  each  mummy  was  enclosed,  with  their  lids. 
The  show*case8  set  against  tlie  wall  opposite  the  windows  contain  speci- 
mens of  every  sort  of  manufacture.  Here  are  to  be  found  examples  of 
straw  and  bead  work,  linen  ix)be8,  papyii,  a  few  pieces  of  furniture, 
wooden  painted  slabs  (stdles),  Osirid  figurines,  alabaster  head  rests  and 
jarS|  etc.  In  the  flat  cases  below  are  specimens  of  glass  work,  li^yp* 
tiaa  and  Assyrian  beads,  a  unique  set  of  Arabic  coius  in  glass  of  the 
tenth  century,  a  green  jasper  scarab  of  great  beauty,  date  about  1591  B.C.* 
and  a  number  of  terra-cotta  lamps,  Gi*eek,  Roman,  and  Christian. 

Collecliou  of  Casts.  —  The  catalogue  contains  full  particulars  concerning 
all  the  ca^ts  in  tliis  and  the  succeeding  rooms,  liere  nothing  more  is 
attempted  than  to  point  out  a  few  of  the  most  interesting. 

Tke  First  Greek  Room  contains  casts  of  Greek  works  of  the  seventh  and 
sixth  centuries  B.C.,  of  one  pre-historic  monument,  the  Gate  of  Lions  at 
Mycenae,  and  a  few  casts  of  Ajssyrian  reliefs  belonging  to  the  eighth  and 
seventh  centuries  b.  c. 

2^he  Second  Greek  Room  is  called  the  Olympian  room,  on  account  of  the 
casts  from  the  western  pedimt  nt  of  the  Temple  of  Jupiter  at  Olympiik, 
lately  excavated  by  the  Geinian  government.  These  works  belong  to  the 
fifth  century  B.C.,  and  are  supposed  to  be  by  Paaonios,  of  Mende  in 
Thrace.  The  same  sculptor  made  the  flying  Victory  which  stood  before 
the  temple  on  a  three-sided  column.  The  middle  of  the  room  is  occupied 
by  a  cast  of  the  celebrated  group  of  Hermes  and  the  Infant  Dionysos,  by 
Praxiteles,  which  stood  in  the  Heraeum  at  Olympia.  Around  it  are 
casts  of  several  Praxitelean  marbles  at  Rome. 

Tke  J'hird  Greek  Room  contains  casts  from  the  marbles  of  the  Parthenon 
pediments,  the  work  of  Phidias  in  the  fifth  century  b.  c.  Here  also  are 
some  of  the  Parthenon  metopes,  and  a  cast  of  the  Potidaean  inscription, 
the  epitaph  of  the  warrioi-s  who  fell  before  Potid^a  in  432  b.  c. 

2Vie  Fourtii  Greek  Room  is  called  the  room  of  the  Mausoleum  from  the 
casts  of  marbles  belonging  to  that  celebrated  tomb  which  Artemisia  raised 
in  honor  of  her  husband,  Mausolus  (d.  333  b.  c),  at  Halicarnassus.  Here 
also  are  a  number  of  stoles  or  grave-slabs,  the  finest  of  which  aie  the 
Amazon  from  the  Villa  Albani,  and  the  Dexileos  stele  erected  in  memoi7 
of  Dexileos,  one  of  the  five  cavaliers  who  fell  at  Corinth  early  in  the 
fourth  century  b.  c. 

The  Fiflh  Greek  Roomy  on  the  other  side  of  the  hall,  contains  ca.<tts  of 
the  Apollo  Belvidere,  the  Mattel  Amazon,  the  Ludovisi  Mars,  the  Me- 
Dander,  the  A|X)llo  Musagetes  with  Clio  and  Thalia,  and  the  Laocoiin. 

Sixth  or  Roman  Room.  —  Here  are  casts  of  the  bronze  wolf  at  the  Capitol, 
an  Etruscan  work  of  tlie  third  century  b.  c.  ;  the  Naples  Agrippina, 
mother  of  Xero;  and  on  the  waU  the  great  bas-relief  on  the  inside  of  the 
Arch  of  Ticus,  representing  the  triumphal  entry  of  that  Emperor  with 
the  spoils  of  Jerusalem. 
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Arcliitectural  Room,  —  The  greatest  ornament  of  this  room  is  a  fuU-siza 
cast  of  the  very  beautiful  Pandroseum  or  Portico  of  the  Caryatides  on  the 
Acropolis  at  Athens.  The  wall  at  the  farther  end  is  decorated  with  casts  of 
twelve  spandrels  from  the  so-called  Angel  Choir  of  Lincoln  Cathedra),  and 
that  on  the  side  is  covered  with  casts  of  Arabic  and  Persian  ornamental  work. 
.  The  Renaissance  Room  is  filled  with  casts  from  Italian  marbles  of  the 
fourteenth,  fifteenth,  and  sixteenth  centm'ies.  The  casts  on  the  screen 
are  from  the  marble  Organ  balustrade,  made  for  the  Cathedral  at  Florence 
by  Luca  della  Robbia,  between  1435  and  1455. 

Beyond  the  Screen^  in  the  other  half  of  this  room,  is  a  very  interesting 
collection  of  Greoo- Etruscan  vases;  a  number  of  Tanagra  figurines;  and 
the  Cyprian  antiquities,  objects  of  terra-cotta  and  glass,  statuettes,  etc 

Second  Floor. 

The  upper  hall  has  a  number  of  pictures  hanging  upon  its  walls. 
Among  them  are  Allston's  unfinished  Belshazzar,  and  West's  King 
Lear.  At  the  farther  end,  near  the  window,  is  a  east  of  the  second  gate 
made  by  I^renzo  Ghiberti  for  the  Baptistery  at  Florence,  in  the  fifteenth 
century.     The  door  to  the  left  hand  leads  into 

ne  Gallery  of  Tapestries.  — Four  of  these  tapestries,  probably  of  Flemwb 
manufacture,  belonged  to  Louis  Philippe.  The  carved  and  gilded  oak 
panels  between  the  tapestnes  are  from  the  Hotel  of  the  Constable  Anne  de 
Montmorency,  at  Paris.  The  cases  contain  a  number  of  Italian,  Japanese, 
and  Chinese  embroideries,  many  of  which  are  of  the  utmost  beauty. 

The  Loan  Room,  entered  by  the  door  at  the  end  of  tlie  gallery,  is  rich  in 
Chine.se  porcelain,  Japanese  lacquer,  enamels,  majolica,  etc.  The  Law- 
rence Room  is  fitted  up  with  carved  wood- work  of  the  time  of  Henry 
VIII.  It  opens  into  a  room  containing  specimens  of  carving  in  wood, 
ancient  and  modem. 

The  Picture  Gallery.  —  In  this  gallery  the  pictures  are  constantly 
changed,  so  that  it  is  impossible  to  say  what  its  contents  may  be  from 
month  to  month. 

The  Allston  Room  contains  a  number  of  pictures  by  Allston,  Copley, 
Trumbull,  and  Stuart.  The  Water-Color  Room^  next  to  it,  constantly 
changes  its  contents.  The  Gray  Engraving  Rooms,  opening  out  of  this 
latter,  contain  the  large  and  valuable  collection  of  engravings  bequeathed 
to  Harvard  College  by  the  late  Mr.  Francis  Gray.  Among  the  late  addi- 
tions, the  Monte  Sancto  di  Dio  is  the  most  precious.  Its  three  prints,  en- 
graved by  Baccio  Baldini,  at  Florence,  in  the  fifteenth  century,  are  among 
the  earliest  specimens  of  copper-plate  engravings  of  the  Italian  school. 

The  Schools  of  Drawing  and  Painting,  and  of  China- Painting  and  Wood- 
Carving,  occupy  rooms  in  the  basement  of  the  building,  and  a  large 
studio  in  the  third  story.  ' 

The  Curator's  room  and  that  appropriated  to  the  Library  are  in  the 
basement.     Gen.  Charles  G.  Loring  is  the  Curator  of  the  Museum. 


The  Libraries  of  Boston  and  Cambridge  will  be  referred  to  at  the  cloM 
of  the  account  of  Cambridge  institutions. 


OP  BOSTON   AND   VICINITT.  77-7 


CAMBRIDQ-E. 

In  Cambridge,  the  interest  centres  in  the  University  and  its  Tarious 
departments.  Some  of  these  are  situated  in  different  parts  of  Boston, 
but,  for  the  sake  of  unity,  will  be  mentioned  here.  The  College  itself  was 
founded  in  1636  by  the  General  Court  of  the  Colony,  which  gave  four 
hundred  pounds  **  towards  a  school  or  college."  Various  departments  for 
post-graduate  study  have  gathered  around  it  during  the  present  century, 
until  it  can  now  be  said  to  embrace  foundations  more  or  less  ample  for  all 
the  sciences  and  arts. 

PEABODY    MUSEUM    OF    AMERICAN    ARCHiEOLOGY    AND 

ETHNOLOGY. 

The  Museum  was  founded  by  George  Peabody,  in  1868.  During  the 
life  time  of  its  first  Curator,  Dr.  Jeffries  Wyman,  its  collections  were 
lodged  in  Boylston  Hall.  The  present  building  on  Divinity  Avenue,  one 
fifth  of  the  intended  structure,  erected  in  1877,  will  form,  when  connected 
with  the  Zoological  Museum,  one  wing  of  the  building  planned  by  the  late 
Professor  Agassiz. 

By  the  instrument  of  trust,  Mr.  Peabody  placed  $150,000  in  the  hands 
of  trustees,  and  provided  that  the  income  of  ^0,000  should  be  devoted 
to  the  care  and  increase  of  the  Museum,  and  to  the  maintenance  of  a 
professorship,  while  the  remaining  sum  of  $00,000  should  be  invested  and 
accumulated  as  a  building  fund  until  it  amounted  to  at  lea^t  $100,000, 
when  a  building  could  be  erected  on  land  furnished  by  the  College  free  of 
cost  or  rental,  the  building  when  completed  to  become  the  property  of  the 
College.  The  building  was  constructed  at  a  cost  of  $54,000,  leaving  the 
original  building  fund  of  $60,000  intact  for  new  accumulation.  The  in- 
come that  can  be  devoted  to  the  care  and  increase  of  the  Museum,  includ- 
ing salaries,  is  only  $4, .500. 

The  nucleus  of  the  collection,  brought  together  by  Dr.  Wyman  in 
November,  1808,  consisted  of  about  fifty  objects,  one  half  of  which  were 
received  from  the  College,  and  the  moiety  from  his  own  collection.  Less 
thjvn  six  years  afterwards,  at  the  time  of  his  death,  the  entries  in  the 
catal<»gue  were  nearly  8,000.  Since  then  the  collections  have  increased 
at  a  still  more  rapid  rate,  and  have  more  than  doubled  within  the  last 
four  years.     The  entries  now  number  about  24,000. 

The  new  cases  in  the  building  have  been  made  with  especial  care,  and 
members  of  the  Association  interested  in  museum  economy  would  do  well 
to  examine  them.  Only  a  portion  of  the  rooms  have  yet  received  their 
cases,  and  the  arrangement,  and  especially  the  proper  labelling  of  the  col- 
lections, are  yet  far  from  complete.  Not  more  than  half  of  the  collections 
are  displayed,  even  including  tliose  in  the  temporary  cases. 
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The  object  of  the  arrangement  is  to  invite  and  foster  scientific  research 
into  the  life,  history,  and  connections  of  extinct  tribes  and  nations,  and 
of  the  more  or  less  savage  or  barbarous  peoples  of  to-day.  To  a  large 
extent  the  method  of  treatment  which  this  requires  associates  the  perfect 
and  the  rude,  to  the  loss  of  artistic  effect.  Thus,  however,  the  story  of 
the  past  is  more  truthfully  told,  and  the  arrangement  is  very  suggestive. 
In  this  way  only  can  an  idea  be  gained  of  the  relative  perfection  of 
difterent  arts  in  a  given  tribe  of  past  or  present  times;  and  the  Museum, 
as  a  whole,  becomes  a  history  of  comparative  civilization. 

In  the  special  ethnological  aiTangement,  objects  of  doubtful  authenticity 
are  rigorously  excluded.  The  northern  room  on  ihejirgi  floor  is  devoted 
to  North  America,  containing  objects  from  the  mounds  and  stone  graves 
of  the  United  States,  and  from  the  Southern  and  Western  caves.  In  the 
gallery  of  this  room  are  exhibited  pottery  and  other  aiticles  from  Central 
America,  Mexico,  and  the  West  Indies.  Here  is  also  temporarily  placed 
the  small  Egyptian  collection.  The  gallery  of  the  southern  room,  the 
floor  of  which  is  occupied  as  an  office  and  work-room,  will  contain  some 
typical  Etruscan  potteiy,  and  collections  from  the  Swiss  lakes  and  other 
parts  of  Europe.  In  the  hall  on  the  second  floor  are  the  collections  from 
the  ancient  and  modern  Pueblos.  The  southern  room  on  this  floor  con- 
tains the  Peruvian  and  Brazilian  collections,  with  a  few  from  other  parts 
of  South  Amei'ioa.  On  the  gallery  of  this  room  are  the  objects  fit>m  the 
Facifio  Islands,  Eastern  Asia,  and  Africa.  The  nortliem  room,  with  its 
gallery,  will  have  the  collections  from  the  Pacific  coast  of  North  America, 
and  from  the  Indian  tril)es  now  existing,  and  the  stone  implements  of  the 
Atlantic  and  Central  States.  Here  one  will  find  the  important  series 
from  New  Jersey,  which  have  attracted  much  attention.  The  collection 
of  human  crania  and  skeletons  is  on  the  third  floon  F.  W.  Putnam  ia 
the  Curator  of  the  Museum* 


MUSEUM  OF  COMPARATIVE  ZOOLOGY 

The  Museum  had  for  its  nucleus  the  private  collections  of  Professor  L. 
Agassiz,  by  whom  it  was  planned,  and  under  whose  direction  it  was  begun. 
The  present  building  was  first  occupied  in  1858,  the  portion  at  that  time 
completed  having  been  eiglity  feet  in  length.  There  have  been  two  addi- 
tions made  to  it,  in  1872  and  1878.  AVTien  the  part  now  (1880)  in  process 
of  erection  is  finished,  the  whole  structure  will  have  a  length  of  three 
hundred  feet,  and  a  breadth  of  sixty,  with  six  available  stories.  The 
addition  now  being  made  forms  the  northwest  corner,  and  a  part  of  the 
front  of  the  main  structure;  which,  as  originally  planned^  will  have  9» 
length,  on  Oxford  Street,  of  four  hundred  and  ten  feet.  The  cos^t  of  tho 
building,  not  including  the  cases  or  other  interior  fittings,  will  have 
amounted,  when  the  part  now  being  added  is  finished,  \q  about  $225,000. 
The  Museum  has  an  invested  fund  of  $484,000,  yielding  an  income  of 
about  826,000  a  year.  The  care  of  this  fund  is  intrusted  to  the  Corppra- 
tion  of  Harvard  College;  the  management  of  the  institution  is  in  jthe 
hands  of  its  own  Faculty,  five  in  number,  among  whom  the  President  of 
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tlie  University  and  the  Curator  only  are  ex-officits  members.  There  are 
fourteen  Professors  and  Assistants  attached  to  the  Museum,  at  the  present 
time;  to  them  is  intrusted  the  work  of  arrangring  and  describing  the 
material  as  received.  There  is  an  artist  constantly  employed,  and  also 
five  young  women,  who  assist  in  the  care  and  arrangement  of  the  col- 
lections. The  Library  contains  about  13,500  voluiliei,  and  is  rapidly 
increasing.  There  is  a  department  of  Geology  connected  with  tlie  Museum, 
with  a  separate  invested  fund  of  about  970,000^  and  a  valuable  special 
geological  library. 

The  collections  of  the  Museum  are  very  extensive;  but  only  a  small 
portion  of  them  are  displayed  to  the  public,  by  far  the  larger  part  being 
arranged  with  a  view  to  as  compact  storage  as  is  compatible  with  their 
being  accessible  for  scientific  use  and  consultation.  The  representation 
in  the  departments  of  ichthyology  and  entomology  is  especially  complete 
and  valuable;  and  the  coi*als  and  echinoderms  are  believed  to  be  more  fully 
illustrated  here  than  anywhere  else  in  the  world.  The  paleontological  col- 
lections are  also  very  extensive,  exceeding  in  importance  those  of  any 
museum  in  this  country.  The  deep-sea  Fauna  is  also  especially  rich. 
The  publications  of  the  Museum  are  issued  in  two  series,  one  iu  quarto, 
and  the  other  in  octavo;  of  each  of  these,  six  complete  volumes  and 
parts  of  others  have  been  issued.  Upon  the  completion  of  the  addition 
to  the  building  now  in  process  of  erection,  the  corner  piece  will  be 
chiefly  occupied  by  lecture-i-ooms,  the  librai-y,  and  laboratories:  in  the 
latter,  there  will  be  ample  accommodatious  for  undei^ivd nates  and  spe- 
cial students  in  both  tite  zoological  and  geological  departments.  In  the 
lower  story  of  the  wing  now  completed,  the  paleontological  collections 
will  be  arranged.  Abont  one  third  of  this  wing  will  be  used  for  rooms 
which  are  to  be  open  to  the  general  public;  the  remaining  two  thirds  will 
be  devoted  to  the  storage  of  the  collections  in  such  furm  as  to  be  easily 
accessible  for  study  to  specialists  in  the  various  departments,  and  to  rooms 
for  the  assistants. 

Mr.  Alexander  Agassiz  is  the  Curator  of  the  Museum. 


BOTANIC  GARDEN  AND  HERBARIUM. 

The  Botanic  Garden  occupies  seven  acres  of  land  at  the  comer  of 
Linnean  and  Garden  Streefs,  Cambridge.  The  fund  for  its  establishment 
was  raised  by  subscription  in  1805,  and  the  grounds  were  laid  out  in 
1807.  The  income  available  for  its  support  was  for  many  yeare  veiy 
small,  and  sometimes  precarious;  in  186il  it  was  considerably  augmented 
by  subscriptions,  and  a  movement  to  increase  this  somewhat  further,  so 
that  the  Garden  may  be  placed  upon  a  sufficient  and  independent  founda- 
tion, is  now  in  progress. 

William  Dandridge  Peck  was  in  charge  of  the  Garden  fix)m  its  establish- 
ment until  his  death,  in  1822.  ThomiW  Nuttall  was  Curator  from  1822 
to  1834.  It  was  left  mainly  in  charge  of  the  original  gardener,  William 
Carter,  until  1842,  when  Dr.  Asa  Gray  became  its  director  for  the  en- 
suing thirty  years.     It  was  subsequently  directed  by  C.  S.  Sargent,  in 
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oonuection  with  the  AiTiold  Arboretum  at  the  Bussey  iDStitution;  at 
the  beginning  of  the  cun-ent  year  its  charge  reverted  to  the  Profeagor 
giving  the  instruction  in  Ph»noganiic  Botany,  George  L.  Goodale.  Al- 
though Dr.  Gray,  in  187*2,  relinquished  the  care  of  the  Garden,  he  still 
co-operates  in  erery  plan  for  the  advancement  of  its  interests. 

The  Garden  below  the  teiTace  is  laid  out  in  plots  which  contain  repre- 
sentatives of  th3  natural  orders  of  flowering  plants  and  ferns.  Wherever 
it  is  practicable  the  sequence  of  genera  is  that  given  in  Bentham  and 
Hooker's  Genera  Plantarum,  Many  of  the  plants  not  seen  in  their  proper 
places  in  the  orders  will  be  found  in  the  rockeries,  frames,  and  houses 
where  alone  they  can  thrive. 

The  green-houses  are  in  two  ranges.  Five  face  the  main  garden  and 
are  devoted  to  exotics  of  economic  and  botanical  interest.  The  range 
behind  these  consists  of  two  buildings  for  the  propagation  of  plants  and 
for  the  winter  housing  of  succulents.  Frames  in  the  immediate  vicinity 
of  this  range  are  filled  with  succulents,  etc.,  and  with  the  alpine  plants  of 
the  White  Mountains.  The  shrubbery  near  the  lawn  is  mainly  composed 
of  Australian  myrtles  and  acacias,  beyond  which  is  a  group  illustrating 
the  various  modes  in  which  plants  climb.  The  whole  number  of  species 
cultivated  in  the  Garden  is  not  far  from  6,000.  William  Falconer  is  head 
gardener.  The  Curator  of  the  Herbarium  is  to  have  charge  of  the 
nomenclature  of  the  plants  in  the  garden. 

In  the  year  1864,  the  building  for  the  Herbarium  was  erected  by  Mr. 
Nathaniel  Thayer,  for  the  i*eception  of  the  collections  and  library  of 
Prof.  Gray,  then  presented  to  the  University.  In  1871  Mr.  Hunnewell 
built  the  annexed  botanical  laboratory  and  lecture-room,  and  a  connecting 
portion  of  conservatory,  since  which  the  principal  botanical  instruction 
has  Iveen  given  at  the  Botanic  Garden.  Last  winter  a  needed  addition 
to  the  Herbarium  was  made,  to  contain  the  botanical  library.  The  Her- 
barium and  Library,  under  the  general  supenutendence  of  Prof.  Gray, 
are  in  the  special  charge  of  Mr.  Sereno  Watson,  as  Curator.  These  two 
botanists  have  here  prosecuted  a  senes  of  researches  and  studies  upon 
North  American  Botany,  the  principal  results  of  which  are  recorded  in  a 
large  number  of  memoirs  and  detached  articles,  and  in  independent  works. 
These  could  not  have  been  produced,  nor  can  any  important  contribution 
to  our  systematic  phaenogamous  botany  now  be  satisfactorily  made,  without 
the  aid  which  this  establishment  affords.  It  is  almost  daily  consulted  by 
other  botanists,  or  by  pei^sons  seeking  special  information,  either  person- 
ally or  by  correspondence,  and  by  the  sending  of  specimens  for  comparison. 

The  Herbarium  is  thought  to  contain  over  250,000  specimens  (including 
the  Bryological  Herbarium  bequeathed  by  the  late  Mr,  Sullivant).  Most 
of  the  known  North  American  species  are  represented  by  a  suite  of  from 
two  to  a  dozen  specimens,  indicating  and  authenticating  its  varieties, 
geographical  range,  &c.  Al)out  5,50()  specimens  wei*e  incorporat-ed  into 
the  Herbarium  during  the  year  1879,  and  the  additions  for  the  present 
year  are  at  nearly  the  same  rate. 

The  Libraiy  contains  about  3,500  bound  volumes,  and  what  would 
amount  ta  a  thousand  volumes  of  pamphlets. 

Material  for  a  Botanical  Museum  is  now  rapidly  accumiilating,  but  there 
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IB,  as  yet,  no  adequate  space  for  its  display.  During  the  last  few  months 
vexy  valuable  accessions  liave  bc^eu  received  from  the  Museum  of  the 
Royal  Gardens,  Kew.  The  contemplated  Museum  will  illustrate  as  fully 
as  possible  the  useful  pixxiucts  of  the  vegetable  kingdom. 

The  laboratory  for  instruction  and  research  in  the  lower  Cryptogamia 
is  in  the  upi)er  (tart  of  Boylston  Hall,  and  is  under  the  charge  of  W.  G. 
Fallow,  the  Professor  of  Cryptogamic  Botany.  Dr.  Fallow's  extensive 
Herbarium  of  Algae  and  Fungi  is  temporarily  deposited  in  the  same  place. 

The  instruction  of  students  at  the  Botanic  Garden  devolves  upon  Frof. 
Goodale,  supplemented  for  a  |>ai*t  of  tlie  year  by  Prof.  Farlow  in  the 
Crj'ptoganiia.  An  iudej>endent  or  extra-collegiate  course,  of  lecture-room 
and  lal)oratory  instruction  combined,  specially  intended  for  teachers,  is 
maintained  tlnx>ughout  tlie  earlier  half  of  the  summer  vacation. 


BUSSEY  INSTITUTION. 

The  BuRsey  Tn.stitution  is  a  department  of  Harvard  University,  in 
Jamaica  Plain,  not  far  from  the  Forest  Hills  Station  of  the  Boston 
and  Providence  Railroad.  It  is  a  School  of  Agriculture,  Horticulture, 
and  Veterinary  Science,  situated  upon  a  farm  of  two  or  tliree  hundred 
acres,  a  portion  of  which  has  been  set  apart  for  an  Arboretum,  in  which 
shall  be  grown  all  kinds  of  trees,  shrubs,  and  herbaceous  plants  which 
can  support  the  climate  of  the  locality.  The  principal  school  building, 
which  is  constructed  of  Roxbury  pudding-stone,  has  considerable  archi- 
tectural merit,  and  is,  perhaps,  the  handsomest  building  belonging  to  the 
University. 

The  Bussey  Institution  gives  thorough  and  systematic  instruction  in 
Agriculture,  Horticulture,  Botany,  Entomology,  Agiicultural  Chemistry, 
and  the  Anatomy  and  Diseases  of  Domestic  Animals.  Seven  teachers  are 
connected  with  the  school,  and  there  is  probably  no  college  in  the  country 
where  the  courses  of  instruction  upon  agricultural  science  are  so  full  or 
so  w«'ll  taught  as  here.  In  addition  to  their  work  at  Jamaica  Plain,  some 
of  the  abler  students  find  time  to  attend  coui'ses  of  instruction  indirectly 
relating  to  agriculture,  which  are  given  in  other  departments  of  the  Uni- 
versity. As  was  to  have  been  exj^cted  irom  the  character  of  the  instruc- 
tion and  the  strict  limitation  of  it  to  the  branches  provided  for  by  the 
foundation,  the  number  of  students  in  attendance  at  the  Bussey  Institu- 
tion hits  hitherto  never  been  large,  but  the  character  or  quality  of  the  stu- 
dents has  improved  continually,  and  it  is  beginning  to  be  understood  by 
the  community  that  this  school  offers  peculiar  and  quite  exceptional  advan- 
tages to  young  men  of  studious  habits  and  good  abilities  who  wish  to  take 
the  highest  j)ossible  rank  as  agriculturists,  horticulturists,  or  veterinary 
practitioners.  There  are  now  so  many  schools  of  agriculture  in  the 
country,  and  son)e  of  them  are  so  strongly  supported  by  State  aid,  and  so 
loudly  and  persistently  advertised  by  debates  in  the  legislatures,  that 
some  time  nmst  necessarily  elapse  before  the  public  can  clearly  determine 
which  of  the  schools  is  really  the  most  meritorious.  It  may  be  said  of  the 
Bussey  Institution,  that  it  has  been  established  long  enough  to  become 
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well  organized  and  firmly  rooted,  that  it  ig  continually  growing  both  in 
respect  to  the  namber  and  character  of  its  students,  and  that  deveiopineiit 
of  this  character  gives  promise  of  assured  success  in  the  future. 

From  1874  to  1878  the  Bussey  Institution  issued  a  ^*  Bulletin,"  which 
contained  the  results  of  experiments  and  investigations  made  at  the  Insti- 
tution, and  it  is  greatly  to  be  regretted  that  a  lack  of  funds  available  for 
scientific  research  has  made  it  necessary  to  suspend  this  publication  for 
the  time  being. 


ARNOLD  ARBORETUM. 

On  the  2Pth  of  March,  1872,  by  an  agreement  made  between  the  Presi- 
dent and  Fellows  of  Harvard  College,  and  the  trustees  under  the  will  of 
the  late  Mr.  James  Arnold,  of  New  Bedford,  the  Arnold  Arboretum  was 
established. 

Mr.  Arnold's  bequest  for  this  pur|)Ose  amounted  to  $100,000,  the  Presi- 
dent and  Fellows  agreeing  to  devote  to  the  new  establishment  one  hundred 
and  twenty-five  acres  of  their  Bussey  estate  in  West  Roxbury  (now 
Boston). 

This  agreement  provides  that  the  Arnold  Arboretum  **  shall  contain,  as 
far  as  practicable,  all  the  trees,  shrubs,  and  herbaceous  plants,  either  indi- 
genous or  exotic,  which  can  be  raised  in  the  open  air  in  West  Roxbury  "; 
that  these  shall  be  properly  and  distinctly  labelled,  and  that  an  Arnold 
Professor  of  Arboriculture  shall  be  appointed  to  manage  the  Arboretum, 
and  teach  the  knowledge  of  trees.  The  agreement  forbade  the  spending 
of  more  than  one  third  of  the  net  income  of  the  Arnold  fund  before  it 
should  have  accumulated  to  f  150,000. 

Mr.  C.  S.  Sargent  was,  in  September,  1872,  appointed  Director  of  the 
new  establishment,  and  the  work  of  collecting  and  raising  plants  for  the 
Arboretum  was  at  once  commenced,  and  a  general  system  of  correspond- 
ence and  exchanges  with  other  establishments  of  a  similar  character  was 
inaugurated. 

In  Mai*ch,  1870,  the  Arnold  fund  having  accumulated  to  f  150,000,  tbe 
Corporation  established  the  Arnold  Professorship  of  Arboriculture,  and 
Mr.  Sargent  was  appointed  to  the  chair. 

A  plan  of  the  Arboretum  made  with  reference  to  the  possibility  of  in- 
cluding it  in  the  general  park  system  of  the  City  of  Boston,  has  been 
prepared  by  Mr.  Fred.  Law  Olmsted,  of  New  York.  It  is  pitiable  that 
such  an  arrangement,  which  would  insure  to  the  public  al!  the  advantages 
of  freely  visiting  the  Arboretum,  without  interfering  with  its  scientiflo 
duties,  will  eventually  be  made. 

The  uncertainty  in  regard  to  this  arrangement  with  the  oity  has,  how- 
ever, delayed  the  permanent  planting  of  the  collections.  These  are  still 
in  nursery,  and  comprise  more  than  a  thousand  species  and  varieties  of 
hardy  trees  and  shrubs.  Thousands  of  plants  and  packages  of  seeds  have 
been  distributed  from  the  Arboretum,  and  its  influence)  in  Tnereasing  the 
study  and  planting  of  trees  as  an  economic  measure,  is  already  widely 
felt. 
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It  having  been  found  necessary  to  establish  a  special  Herbarium  and 
Museum  in  connection  with  the  Arboretum,  such  collections  vfeve  com- 
menced about  a  year  ago.  The  Herbarium  is  now  temporarily  installed 
in  Brookline,  in  charge  of  Mr.  John  Kobinson. 

The  aims  and  purposes  of  the  Arboretum,  as  at  present  oi-ganized,  may 
be  briefly  characterized  as  follows  :  — 

Firttt.  As  a  museum  of  living  plants,  in  which  every  tree  and  shrub 
capable  of  withstanding  the  climate  of  Massachusetts  is  to  find  its  ap- 
propriate place;  this  collection  being  supplemented  by  an  herbarium,  and 
various  special  collections,  illustrative  of  trees,  their  products,  and  uses. 

Second,  As  a  scientific  station  for  investigation  into  tlie  characters, 
growth,  economic  and  ornamental  properties  of  trees;  into  the  relations 
of  forestji  to  climate  and  the  flow  of  rivei-s,  and  into  the  best  methods  of 
forest  reproduction  and  management. 

l^hird.  As  a  school  of  forestry  and  arboriculture,  in  which  special  sta* 
dents  maV}  when  the  demand  for  such  instruction  is  felt,  acquire  thc^ 
knowledge  and  training  necessary  to  fit  them  for  the  cai*e  and  inorease  of 
our  forests. 

Fourth.  As  a  local  educational  establishment,  capable,  through  **  objeoi 
teaching,**  of  very  considerable  influence  in  increasing  among  the  people 
of  Boston  and  its  neighborhood  that  knowledge  which  it  is  the  duty  of 
the  Arboretum  to  disseminate. 


ASTRONOMICAL  OBSERVATORY. 

The  AstronoTnical  Observatory  of  Harvard  College  was  establUhed  in 
its  present  location  in  1844,  although  observations  (mainly  magnetic  and 
meteorological)  had  been  carried  on  near  the  College  buildings  for  the 
four  previous  years.  J'he  successive  Directors  of  the  Observatory  have 
been  Professors  W.  C.  Bond  (deceased  1859),  G.  P.  Bond  (1805),  Joseph 
Winlock  (1875),  and  E.  C.  Pickering,  the  present  Director.  The  history 
antl  work  of  the  institution  are  recorded  in  twelve  quarto  volumes  of 
Annals.  The  equatorial  telescope  was  mounted  in  1847.  At  that  time, 
its  aperture  of  fiiteen  inches  exceeded  that  of  any  refractor  in  existence 
except  one  of  equal  size.  Among  the  objects  studied  by  means  of  this 
i Instrument  may  be  specially  mentioned  the  planet  Saturn,  observed  1847- 
57,  during  which  time  the  dark  ring  and  the  satellite  Hyperion  were  dis- 
covered; the  Great  Comet  of  1858,  for  his  discussion  of  which  Professor 
G.  P.  Bond  received  the  gold  medal  of  the  Royal  Astronomical  Society 
of  London;  the  Nebula  of  Orion,  observed  1857-65;  a  series  of  interest- 
ing objects,  representations  of  which  were  published,  1872-75,  under  the 
title,  '*  Astnmomical  Engravings  '*;  the  satellites  of  Mars,  1877  and  1879; 
the  brighter  double  stara,  and  most  of  the  known  satellites,  observed 
photometrically,  1877-79.  Obser>'ation8  are  now  in  progiess  on  the  varia- 
tions of  the  light  of  Jupiter's  satellites  at  their  eclipses,  on  the  light  and 
spectra  of  planetiiry  nebulae,  and  on  the  light  of  variable  stars. 

A  meridian  circle  of  the  largest  size  was  mounted  in  1870,  and  has  since 
been  in  constant  use  by  Professor  W.  A.  Rogers.     Its  principal  work  has 
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been  the  determination  of  the  places  of  oyer  eight  thousand  stars  between 
50^  and  55°  north  of  the  equator.  These  observations  were  recently  com- 
pleted, after  about  eight  years  of  ooDtinuons  work. 

A  new  instrument,  called  a  meridian  photometer,  has  been  put  into 
operation  during  the  past  year.  It  is  intended  fior  the  measurenient  of 
the  light  of  all  stars  tisible  to  the  naked  eye  in  this  latitude.  About 
one  hundred  thousand  observations  will  be  needed  for  this  purpose,  and 
the  work  is  going  on  at  the  rate  of  about  four  thousand  a  month. 

Meteorological  observations  have  been  contimied  since  the  establishment 
of  the  Observatory.  Numerous  photographs  of  the  sun  were  taken  in  the 
years  1870-76.  Time  signals  have  been  distributed  since  1872  over  a 
large  part  of  New  England,  and  a  time-ball  is  dropped  daily  in  Boston  by 
a  clock  at  the  Observatory. 

The  Observatory  has  been  supported  wholly  by  private  munificence, 
except  that  it  received  aid  from  the  "College  funds  during  its  earlier  years. 
The  largest  single  gift  made  to  it  was  a  legacy  of  |1UO,000  from  Mr.  £• 
B.  Phillips,  received  in  1849.  A  subscription  of  $5,000  a  year  for  five 
years,  raised  in  1878,  has  recently  nearly  doubled  for  the  time  the  income 
applicable  to  scientific  purposes. 


LAWRENCE  SCIENTIFIC  SCHOOL. 

This  School,  founded  by  Mr.  Abbott  Lawrence,  in  1847,  offers  complete 
courses  of  instruction  in  various  depai*tmeuts  of  science,  as  follows:  — 

I.   Course  of /our  years  in  Civil  and  Topographical  Engineering, 
Students  completing  this  course  receive  the  degree  of  Civil  Engineer. 

II.   Course  of /our  years  in  Chemistry, 

This  course  is  intended  for  students  preparing  to  become  practical 
chemists,  or  teachers  of  science;  and  students  completing  it  in  a  satisfao- 
toiy  manner  receive  the  degree  of  Bachelor  of  Science. 

III.   Courses  o/ /our  years  in  Natural  History, 

These  courses  are  designed  to  furnish  a  special  training  in  the  depart- 
ments of  jreology  and  biology. 

The  studies  of  the  fii-st  two  years  are  common  to  both  departments. 
Students  are  required  to  designate,  at  the  beginning  of  the  third  year,  the 
department  in  which  they  intend  to  take  their  degree.  During  their  term 
of  study,  they  will  be  regarded  as  the  special  students  of  the  Professors  in 
that  department. 

Students  who  make  good  use  of  the  opportunities  afforded  by  the  sum- 
mer schools,  or  who,  during  the  long  vacation,  pursue  studies  under  the 
direction  of  the  Professors  in  their  departments,  may  shorten  this  course 
of  study  to  three  years. 

Students  Itonorably  completing  eith3r  of  the  above  courses  recelTO  the 
degree  of  Bachelor  of  Science. 
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lY.  Course  of  four  years  in  Mathematics^  Physics ,  and  Astronomy. 

The  degree  of  Bachelor  of  Science  is  also  open  to  students  of  this 
course. 

In  all  the  courses  of  the  Scientific  School,  the  successful  study  of  any 
subject  in  College  is  taken  as  an  equivalent  for  the  same  subject  in  tha 
Scientific  School. 

Besides  the  regular  courses  above  mentioned,  tlie  School  also  offers  far 
eilities  to  teachers,  and  to  persons  preparing  to  be  teachers,  who  desira  to 
qualify  themselves  in  the  modern  methods  of  teaching  science  by  obeervar 
tion  and  experiment.  This  course  is  flexible  and  comprehensive;  the 
instruction  is  mainly  given  in  the  laboratories  and  museums  of  the  Univer- 
sity, and  is  of  the  most  practical  character,  every  student  being  taught  ta 
make  experiments  and  study  specimens. 

SpecicU  Students, 

Persons  who  are  not  candidates  for  a  degree  may  enter  the  School  as 
special  students,  at  any  time,  without  examination,  and  avail  themselves 
of  its  advantages  in  whatever  manner,  and  to  whatever  extent,  they  sea 
fit.  Such  students,  who  have  been  memb^s  of  the  School  for  at  least 
one  year,  shall  be  entitled  to  a  certificate,  specifying  the  subjects  in  which 
they  have  pi*oved  themselves  proficient,  either  by  examination  or  by  Ub- 
oratory  work. 

All  students  of  the  Scientific  School  may,  if  found  competent,  pursue 
any  of  the  courses  of  instruction  given  in  the  other  departments  of  the 
University,  except  exercises  carried  on  in  the  special  laboratories,  with- 
out additional  charge. 

PHYSICAL  DEPARTMENT. 

The  Physical  Cabinet  of  Harvard  University  is  in  Harvard  Hall.  Tlw 
instruments  in  this  collection  are  mainly  for  lecture  purposes.  The  large 
lecture-room  of  the  Department  Of  Physics  is  in  the  same  building.  The 
Physical  laboratory  of  the  University  occupies  Hie  ground  floor  of  Lawrenea 
Hall,  and  a  small  lecture^room  having  a  southern  exposure  for  light  is  on 
the  second  floor  of  the  same-  building. 

The  Lal)oratory  is  used  entirely  for  purposes  of  instroction,  although  a 
certain  amount  of  oiiginal  work  is  carried  on  each  year.  The  Phyaieal 
Cabinet  of  the  Rumford  Professorship  of  Light  and  Heat  is  also  in  Law- 
rence Hall,  and  contains  a  very  complete  collection  of  optical  apparatus. 


CHEMICAL  DEPARTMENT. 

The  Chemical  Laboratories  in  Boylston  Hall  comprise  the  laboratov; 
for  descriptive  chemistry  and  qualitative  analysis,  that  for  quantitative 
analysis,  and  the  organic  laboratory ;  the  first  has  ninety-eight  deski, 
each  of  which  can  be  used  by  two  men  at  different  boon;  the  number  of 
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students  in  this  laboratory  varies  from  one  hundred  to  one  hundred  and 
seventy.  The  laboratory  for  quantitative  analysis  has  thirty  desks,  with 
fifteen  to  thirty  students.  This  was  the  only  laboratory  in  the  original 
building,  the  French  roof  containing  the  large  laboratory  having  been 
added  less  than  ten  years  ago.  The  organic  laboratory  has  twelve 
desks,  with  six  to  twelve  students.  There  are  also  two  lecture-rooms, 
an  apparatus-room,  and  four  private  laboratories  for  the  prc^essors 
and  assistants.  The  collection  of  chemical  substances  in  the  entry 
contains  many  rare  elements  and  interesting  chemical  products.  lu 
addition  to  elementary  instruction  in  all  branches  of  chemistry,  especial 
attention  is  paid  to  advanced  work  in  organic  and  luorganip  chemistry ;  iu 
the  latter,  the  researches  of  Professor  Cooke  and  his  students  on  antimony 
may  be  mentioned,  while  over  twent(y  important  papers  on  organic  chem- 
istrv  have  been  published  since  the  establishment  of  the  organic  laboratory 
in  1875. 

The  mineralogical  cabinet,  one  of  the  richest  in  the  country ,  occupies . 
two  large  halls ;  especially  interesting  are  the  collection  oi  diamonds  pre- 
sented to  the  late  Louis  Agassis  by  the  Emperor  of  Branl,.the  Tyrolese 
minerals  from  the  collection  of  Count  Liebner,  and  the  finely  crystallized 
Specimens  of  American  minerals.  The  elementary  instruction  in  miner- 
alogy is  given  by  means  of  two  full  student-collections^  one  named,  the 
6ther  numbered,  which  are  kept  in  the  mineralogical  work-room,  where 
are  also  the  lithological  collection,  and  the  desks  for  blowpipe  analysis. 


HARVARD  MEDICAL  SCHOOL. 

The  Harvard  Medical  School  is  separated  from  most  of  the  other  de- 
partments of  the  University  in  consequence  of  the  necessity  of  securing 
facilities  for  clinical  instruction,  which  ean  be  obtai^ied  only  iu  connection 
with  the  hospitals  of  a  large  city.  The  building  occupied  by  the  School  is 
in  North  Grove  Street,  Boston ,  directly  in  the  rear  of  the  Massachusetts 
General  Hospital.  Here  is  to  be  seen  the  Warren  Anatomical  Museum, 
a  collection  illustrating  normal,  pathologicaU  and  comparative  anatomy, 
the  nucleus  of  which  was  formed  by  Dr.  John  C,  Warren,  «nd  by  him 
presented  to  Harvard  College,  together  with  a  fund  for  its  proper  preser- 
vation. Since  its  foundation  the  Museum  has  grown  steadily  in  value  and 
importance  by  the  gifts  of  various  members  of  the  profession,  aikd  partic- 
nlarly  by  the  labors  of  its  late  Curator,  Dr.  J.  K  S.  Jackson.  Among 
the  most  important  recent  additions  may  be  meiitaoiied  the  model  museum 
of  dermatology  and  syphilography  presented  by  Dr.  £dw.  Wigglesworth. 
This  is  a  collection  of  models  of  diseases  of  the  skin,  each  model  being 
made  from  a  cast  taken  directly  from  the  patient  and  subsequently  col- 
ored at  the  bedside.  Some  of  the  most  valuable  and  nnique  specimens 
belonging  to  the  Warren  Museum,  including  the  skull  and  bar  illustrat- 
ing the  celebrated  *'  crow-bar  case,"  are  at  present  stored  in  the  museum 
of  the  Medical  Improvement  Society,  in  Temple  Place,  for  the  sake  of 
greater  security  against  fire  than  the  Warren  Museum  affords. 

In  the  basement  of  the  building  in  North  Grove  Street  ar^^o,  \k^  P>^^ 
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the  chemical  lalx>ratorie3  and  the  dissecting  room.  The  upper  story  U 
doi'oted  to  instruction  and  research  in  microscopy  and  physiology.  The 
physiological  laboratory  contains  an  extensive  collection  of  instrumentB 
used  in  physiological  investigations. 

HARVARD  NATURAL  HISTORY  SOCIETY. 

The  Harvard  Natural  Histoiy  Society,  one  of  the  older  associations  of 
the  University,  has  members  among  the  College  instructors  and  graduates 
as  well  as  among  the  students.  It  holds  meetings  twice  a  month  for  the 
reading  of  original  papers  and  for  discussion;  during  the  past  year  its 
attention  has  been  turned  rather  more  to  geology  than  to  botany  or  zool* 
ogy;  chemistry  and  physics,  included  in  the  object,  though  not  in  the 
namb  of  the  Society,  have  received  much  less  attention. 

For  the  past  thi-ee  years,  annual  courses  of  free  public  lectures  on  seien* 
tific  subjects  have  been  given  by  Professors  of  the  University  and  others, 
under  the  auspices  of  the  Society.  During  the  same  time,  prizes  for 
essays  on  Natural  History  have  been  offered,  with  the  design  of  encour- 
aging habits  of  observation  in  scholars  of  High  Schools  and  Academies. 

Prof.  N.  S.  Shaler  is  the  President,  and  Mr.  Frederic  Gardiner,  Jr., 
Secretary  of  the  Society. 


Besides  these  departments  of  the  University,  the  following  Cambridge 
institutions  will  have  a  certain  interest  to  scientific  men. 

NUTTALL  ORNITHOLOGICAL  CLUB. 

l*he  Nuttall  Ornithological  Club  was  organized  seven  years  ago  by  the 
TOUMger  ornithologists  of  this  vicinity.  In  1876  the  publication  of  * 
quarterly  bulletin  was  commenced,  and  was  so  well  received,  that  it  has 
since  appeared  with  great  regularity,  the  fifth  volume  being  on  the  point 
of  completion.  It  is  now  the  recognized  medium  of  ornithologists  all 
over  the  country,  few  of  whom  are  not  enrolled  niiemljers  of  the  Club. 
The  Club  has  no  established  head-quarters,  but  meets  fortnightly  at  the 
house  of  one  of  its  members. 

'Sir.  William  Brewster  is  l*resident,  and  Mr.  Henry  A.  Purdie,  Secretaiy 
of  the  Club. 

CAMBRIDGE  ENTOMOLOGICAL  CLUB. 

This  Club  was  formed  early  in  1874,  and  incorporated  in  1877.  It  holds 
monthly  meetings  on  Follen  Street,  at  the  office  of  its  Secretary',  which 
alternate  with  the  meetings  in  Boston  of  the  Entomological  section  of  the 
Natural  History  Society.  Very  soon  after  its  foundation  it  established  a 
monthly  journal,  under  the  title  of  **  Psyche,*'  now  in  its  third  volume, 
in  which  especial  attention  is  paid  to  the  biological  side  of  the  science, 
and  to  the  bibliography  of  American  entomology. 

Mr.  Edward  Burgess  is  the  Pi^esident  of  the  Club,  and  Mr.  B.  P.  Mann, 
the  Secretaiy. 
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TELESCOPE    MANUFACTORY  OF  MESSR&  ALVAN    CLARK 

AND  SONS. 

The  workshop  of  Messrs.  Alvan  Clark  and  Song,  is  situated  on  the  weslh 
em  bank  of  the  Charles  River,  just  bek>w  the  Brooklioe  Bridge.  Public 
attention  was  first  turned  to  their  work  in  1862  by  the  diaooTerj  of  the 
companion  to  Sirtus  with  the  IS-iuch  object-glass  (now  monnted  at  the 
Chicago  ObseiTatory)  which  they  had  recently  completed.  The  dis- 
covery of  the  Satellitea  of  Mars,  in  1877,  with  the  26t-inch  leos  of  the 
Washington  Obaervatory,  again  excited  general  interest  in  their  tele- 
scopes. A  30*in€h  lens  for  the  Pulkova  Observatory  is  now  in  process  of 
construction  by  the  Clarks;  also,  telescopes  of  21  and  16  inches  for  Proff» 
Young  and  Mr.  Swift  There  is  no  attempt  at  show  in  the  workshop, 
and  a  visitor  would  scarcely  suspect  the  high  quality  of  the  work  from  the 
apparently  rough  methods  employed.  Their  succesa  arisesi  mainly  from 
the  great  ingenuity*  mechanical  dull,  and  manual  dexterity  ci  Mr.  Clark 
and  his  two  sons,  who  constitute  the  firm.  Almost  every  Obeervatory  in 
the  country  is  indebted  to  them  for  some  portion  of  Its  equipmenl.  Besides 
telescopes,  various  other  instruments  requiring  special  skid  in  phm  or 
construction,  have  been  intrusted  to  them,  including  the  apparatus  for 
observing  the  transit  of  Venus  in  1874,  for  measuring  the  vetocity  of 
light,  and  for  the  photometric  observations  (d  the  Harvard  Observatory. 


THE  LIBRARIES  OF  BOSTON  AND  CAMBRIDGE. 

For  the  sake  of  convenience  it  seems  best  to  speak  in  one  place  of  the 
advantages  to  a  scientific  man  which  the  libraries  of  this  vicinity  aflbrd. 
Over  half  a  million  of  books  are  accessible  to  a  stndent*  The  Foblie 
Library  of  Boston^  with  somewhat  over  200,000  volovnes  including  only 
the  works  in  Bates  Hall),  and  the  College  Libraiy  in  Cambridge^  with 
somewhat  less  than  200,000  volumes  in  the  eentral  department,  are  two 
of  the  three  largest  libraines  in  the  country;  bo^h  of  these  libraries  are 
rich  in  scientific  woi*ks.  But  besides  these  there  are  many  special 
libraries,  such  as  those  of  the  departments  at  Cambridge  i»d  tlie 
societies  in  Boston ,  which  are  of  still  greater  importance  to  the  specialist ; 
while  the  Boston  Athenaeum,  a  library  of  genera)  literature,  containing 
more  than  100,000  volumes,  is  easy  of  access  by  in ti-od notion,  and  is  rich 
in  m.iny  fields  of  general  science,  and  particularly  in  Geography. 

The  library  of  the  Lawrence  Scientific  School  (2,200  volumes)  is  devoted 
mainly  to  Engineering;  that  of  the  Bussey  Institute  (2,200  volumes),  to 
Agriculture.  The  Phillips  Library  of  the  Astronomical  Observatory  con- 
sists of  about  3,300  volumes;  that  of  the  Botanic  Garden,  of  about  3,r)00 
volumes,  besides  1,000  volumes  of  pamphlets;  the  Peabody  Museum  of 
Archaeology,  of  5(X)  volumes;  and  the  Museum  of  Comparative  Zoology, 
of  about  13,500  volumes.  The  last  mentioned  is  especially  rich  in 
Paleontology  and  Entomology,  and  is  complemented  by  a  separate  and 
extensive  geological  library,  not  included  in  the  above  enumeration.     In 
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Boston,  the  Natural  History  Society,  and  the  American  Academy,  the 
former  with  about  20,000,  the  latter  with  about  16,000  volumes  and 
pamphlets,  are  well  supplied  with  the  transactions  of  learned  societies, 
the  Academy  leaning  to  those  dealing  with  the  physical,  the  Society  to 
those  with  the  natural  sciences.  The  earlier  volumes  of  the  great 
academies  of  the  world  can  generally  be  found  at  one  of  the  three  larger 
libraries  of  the  neighborhood,  and  the  lairger  part  of  the  newer  trans* 
actions  are  received  in  exchange  bj  the  Academy,  the  Natural  History 
Soeiety,  the  Zoalogicai  Museum,  or  the  Observatory;  while  such  as  must 
\ye  obtained  foy  purcliaiBe  will  be  generally  sought  aueoessfully  at  the 
Boston  Public  or  tlie  Harvard  Library.  The  purchasing  powers  of  the 
smaller  libraries  are  not  great,  and  their  accessions  ai'e  to  a  gi'eat  de* 
gi^eenubde  up  from  their  exchanges;  but  the  larger  libraries  are  liberal 
to  soieiioe,  and  the  couditiotis  are  coustantly  improving.  In  1878,  a' 
classified  list  was  published  of  tlie  eurrent  seriad  publicatiooB  taken  in  the 
nineteea  principal  libraries  of  the  vicinity,  whicli  included  over  2,000 
publications,  about  half  of  them  scientific. 

Besides  these  the  Institute  of  Technology  has  a  library  of  about  3,000 
volumes,  the  Horticultural  Society  has  about  the  same  number,  not 
including  its  pamphlets,  and  the  Agricultural  Library  at  the  State-House 
is  tolerably  large.  The  Harvard  Medical  School  has  a  working  library 
of  2,000  volumes,  and  our  other  medical  libraries  have  been  consoli- 
dated into  ooa,  nqvf  possessing  about  10,000  volumes  fknd  6,000  pamphlets. 
At  the  same  time  it  should  be  mentioned  that  the  medical  department  of 
the  Public  Library  contains  over  10,000  volumes. 

Among  special  scientific  libraries  which  have  found  their  way  to  public 
institutions  in  this  vicinity  may  be  mentioned  the  Bowditch  Mathemat- 
ical, at  the  Boston  Public  Library;  the  Greene  Botanical,  Binney  Concho- 
logicftl,  Harris  Entomological,  and  Bailey  Microscopical,  at  the  Natural 
Uis4iory  Society;  the  Jaoobi  Mathematical,  at  the  Harvard  College 
Library;  the  Giay  Botanical,  at  the  Botanic  Garden;  and  at  the  Museuni 
of  Compai'ative  Zoology^  the  DeKouiuck  Paleontological,  the  Whitney 
Greological,  the  Zoological  and  Paleontological  Library  of  the  late  Pro* 
fessor  Agassiz,  and  the  Entomological  Library  of  Dt,  Hagen. 

A  bulletin  of.  current  acceasiona  is  issued  by  the  University  Library; 
and  similar  periodical  publications  come  out  at  intervals,  from  the  Boston 
Public  Library  and  from  the  Boston  Athenseum.  All  these  libraries 
thoroughly  indexed  under  subjects  in  catalogues  open  to  the  inquirer. 
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SALEM. 

PEABODY  ACADEMY  OF  SCIENCE. 

This  institution  was  fomided  by  Oeorge  Peabody,  who,  on  the  20tk 
of  February,  1867,  placed  in  the  hands  of  nine  trustees  the  sum  of 
9140,000,  for  the  promotion  of  science  and  useful  knowledge  in  tb^ 
county  of  Essex. 

He  directed  910,000  to  be  applied  to  the  purchase  of  the  Etst  India 
Marine  Hall,  in  Salem,  and  other  land  adjoining  thereto;  the  fitlSng  sf> 
and  furnishing  the  same  for  the  proper  arrangement  of  tbs  Museom  of 
the  Salem  East  India  Marine  Society,  and  the  scientific  collections  of 
the  Essex  Institute ;  conditional  agreements  having  been  prerionsly  made 
by  the  two  institutions  to  place  them  therein  on  special  pemUinent 
deposit. 

The  remaining  sum  of  9100,000  is  invested  as  a  permanent  fund,  the 
income  only  of  which  can  be  used  for  the  purposes  Of  the  trust. 

The  various  alterations  having  been  completed  in  August,  1860, 
Wednesday,  the  18th  of  that  montli,  the  first  day  of  the*  ammal  meeting 
of  the  American  Association  for  the  Adrancement  of  Science,  in  Salem, 
was  taken  to  dedicate  the  Museum  to  the  uses  for  which  it  was  designed 
by  the  founder. 

The  collection  of  the  East  India  Marine  Society,  which  is  espeomlly 
rich  in  the  native  implements  of  the  Pacific  Islands,  and  in  speoimons 
illustiating  the  castumes  and  habits  of  the  inhabitants  of  various  coun- 
tries in  the  East  Indies,  and  the  Essex  County  collection  of  th^  Insti- 
tute, are  its  marked  features,  and  the  many  additions  that  have  since 
been  made  contribute  largely  to  its  value  and  interest. 

The  Museum  is  open  to  the  public  every  day  (Sundays  excepted),  ii-om 
9  A.  M.  to  noon,  and  from  1  to  5  p.  m. 

The  Academy  has  pnnted  six  of  its  annual  reports,  and  three  memoirs. 
**  The  American  Naturalist,"  Vols.  II.  to  X.,  wei-e  also  printed  under  its 
auspices. 

A  Summer  School  of  Biology  has  been  held  for  six  weeks,  commencing 
the  first  of  July,  for  the  past  five  years.  This  was  commenced  under  the 
direction  of  Prof.  A.  S.  Packard,  Jr.,  continued  by  Mr.  James  H.  Emeiton, 
and  is  now  in  charge  of  Prof.  E.  S.  Moi-se. 

Hon.  William  C.  Endicott  is  the  President  of  the  Academy;  Mr.  A.  C. 
Goodell,  Jr.,  the  Secretary;  and  Prof.  E.  S.  Morse,  the  Curator  of  the 
Museum. 

ESSEX   INSTITUTE. 

This  institution  was  foi*med  by  the  union  of  the  Essex  Historical  and 
the  Essex  County  Natural  History  Societies,  in  February,  1848.      The 
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former  Society  was  incorpomted  in  1821,  the  latter  in  1836.  In  Feb- 
ruary, 1870,  an  act  was  passed  by  the  Legislature  enlarging  the  powers 
of  the  Institute  so  as  to  include  among  its  objects  the  promotion  of  the 
arts,  science,  and  literature,  in  addition  to  those  of  the  original  societies. 
Its  Library  contains  about  35,000  volames  bound,  and  about  120,000 
pamphlets,  exclusive  of  duplicates,  and  embracing  all  departments  of 
literature. 

Its  Museum  contains  a  large  collection  of  antiquarian  and  historical 
relics,  paintings,  engraviugs,  medals,  coins,  papers,  currency,  &c.  The 
scientific  portion  is  deposited  in  the  Museum  of  the  Peabody  Academy  of 
Science.  At  the  time  of  its  removal,  the  collection  contained  over  125,000 
specimens  in  the  departments  of  Ethnology,  Zoology,  Botany,  Mineralogy, 
and  Geok>gy,  scientifically  arranged,  and  in  good  part  labelled  and  cata- 
logued. 

Its  riiblicatious  are  the  ^^  Proceedings  of  the  Essex  Institute,''  6  vols., 
8vo. ;  **  The  Naturalist's  Directoiy  "  ;  **  The  American  Naturalist,"  Vol.  I. 
(afterwards  transfen«d  to  the  Peabody  Academy  of  Science)  :  ^^  Bulletin  of 
the  £ssex  Institute,"  11  vols..  8vo. ;  ''  Historical  Collections  of  the  Essex 
Institute,"  16  vols.,  8vo.  The  Historical  Collections  and  Bulletin  are 
regularly  issued. 

Field  meetings  are  held  in  different  parts  of  the  county  for  scientific 
and  historical  investigation  and  discussion.  Evening  meetings  for  the 
same  pur(K)se  are  regularly  held  during  the  winter  at  the  rooms  of  the 
Institute.  The  Institute  also  gives  courses  of  scientific  and  other  lectures, 
and  series  of  concerts  during  the  winter  months,  and  Horticultural  and 
Art  Exhibitions  during  the  spring,  summer,  and  autumn  months. 

Its  Rooms  are  in  Plummet  Hall,  Salem,  so  called  in  honor  of  Emestos 
Augustus  Pluminer,  whose  sister.  Miss  Caroline  Plummer,  cherishing  his 
memory,  and  directing  that  her  gift  should  be  recorded  in  liis  name,  be- 
queathed to  the  proprietors  of  the  Salem  Athenaeum  the  sum  of  9')0,000, 
to  be  expended  in  the  erection  of  a  suitable  building  for  scientific  and 
literary  purposes. 

Dr.  Heni7  Wheatland  is  the  President  of  the  Institute,  and  Mr.  George 
M.  Whipple,  Secretary. 
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